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AN EXPLORATORY INVESTIGATION OF WEIGHT ESTT {ATION
TECHNIQUES FOR HYPERSONIC FLIGHT VEHICLES

by Everett L. Cook
Wichita State University

INTRODUCTION

Studies to determine the feasibility of hypersonic aircraft
(refs. 1-4) require a reliable method of weight prediction. This
report discusses the three basic methods of weight prediction and
some of the computer programs that have been developed to impie-
ment them. The need for a data base of component weights is also
discussed.

The WAATS program (ref. 5) was chosen as the best readily
available program for use in design studies of hypersonic air-
craft. The program was modified to improve its performance. The
modified program is presented, along with newly devised input data
forms azd an example problem.

METHODS OF WEIGHT PREDICTION

The categories of weight prediction methods are not clearly
defined; and there is always overlap in any categorization. 1In
this report, the methods will be defined as:

1. The Fixed-Fraction Method.

2. The Statistical Correlation Method.

3. The Point Stress Analysis Method.
The methods are listed in increasing order of complexity, and
each method has an area of applicability. Roland (ref. 6) dis-
cusses the three methods, using different terminology, and pre-
sents flow charts that indicate their relative complexity.

The Fixed-Fraction Method
This method is very simple; the weights of the vehicle com-

ponents are assumed to be a fixed-fraction of the empty weight or
takeoff weight. It is only valid when the vehicle being designed
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is only a slight variation of an existicg design. Gersh and York
(ref. 7) give an example of this method and discuss the pitfalls.
The weight of the Hypersonic Transport (HST) used as an example
to demonstrate the use of the WAATS program is largely determined
by this method (ref. 8).

Caddell (ref. 9) presents a variation of the fixed-fraction
method that is based on the relationship between the structural
weight and the aircraft density.

The Statistical Correlation Method

The Statistical Correlation Method is the most widelr used
of the three methods. Many of the weight prediction procedures
use this method entirely, and most of the Point Stress Analysis

programs use statistical correlation for some component weights.
The method is based on correlating historical weight data using

a simple equation, usually
}: By
¥ = A1X1 ( 1)

where W 1s the component weight,
Ay is an empirically determined weight coefficient,
By is an empirically determined exponent,

Xj is a parameter.

The selection of the parameters, Xj, is the key to the success of
obtaining good correlation. They may consist of one or more
characteristics of the component or the vehicle. For instance,
the wing weight equation used in the WAATS program is of the form

By

By
+ Ag(W o« n* bgp* S/tR) (2)

where WTO is the takeoff weight,
w is the landing weight,
n is the ultimate wing load factor,

bgr is the structural span,



S is the wing area,

tp is the wing thickness at the root.

The first and last parameters are the same except for the weights;
so that the wing weight can be based on the most critical condi-
tion, takeoff or landing. Since the parameter does contain a
vehicle weight (Wypg or ¥ypg). the procedure is iterative. The

other characteristics in X, and X4 are derived from the loads (n)
and the geometry (bgr, S and tg). The selection of these charac-

teristics should be based on an approximate analysis of the com-
ponent, where this is possible. Dimensional analysis may fre-
quently be used to detemrine nondimensional combinations of the
characteristics. The second and third terms in Eq. 2 (B2=1.0

and Bg =20.0) allow the inclusion of weight items that vary with
the wing area or are fixed, respectively.

The number of equations used in a statistical correlation
weight estimation procedure may vary from less than ten (ref. 10)
to several hundred (ref. 6). Increasing the number of equatiomns
does not automatically increase the accuracy of the weight esti-
mation procedure. However, the ability to predict the effects
of technology advances is enhanced as the number of equations
increases.

The Fixed-Fraction Method is a special case of this method,
with all By =1.0 and 2ll of the parameters Xi equal to a vehicle

weight.

The Space Shuttle Synthesis Program--SSSP (ref. 11), the
Weights Analysis of Advanced Transportation Systems program--
WAATS (ref. 5), and the Systems Engineering Mass Properties pro-
gram--SEMP (ref. 12) are NASA developed statistical correlation
programs for advanced transportation systems. As indicated by
its name, SSSP was developed to predict the weight of the Space
Shuttle. The WAATS program was developed from SSSP to permit
weight prediction for a wider range of high speed vehicles. The
SEMP program was developed specifically for Earth-to-orbit vehi-
cles, and thus is more general than SSSP, but not as general as
WAATS.

Gersch and York (ref. 7) describe a statistical correlation
program, WISE-ONE, which is used in the early phase of prelimin-
ary design at Grumman. It provides the capability of examining
a large number of designs in this phase. To complement the tabu-~
lated output data, it generates a printer-plot of the configura-
tion.
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In addition to descriptions of programs based on the statis-
tical correlation method, the 1iterature also contains informa-
tion on specific component weight estimation techniques. The
Papers of the Society of Allied Weight Engineers are an excellent
source of information of this type. Some examples are:

Fuselage Structure. -- Simpson (ref. 13) discusses an analy-
tical method and computer program for fuselage structure weight
prediction. Equations are given for various items (floors, pres-
sure bulkheads, doors, windows, etc.).

Thermal Protection Systems. -- Roland (ref. 14) presents
techniques for calculating The unit weights of two types of heat
shields and the thickness and weight of bulk insulation.
Fessenden (ref. 15) discusses both passive and active thermal
protection systems and presents equations for calculating unit
weights.

Engines. -~ Klees and Fishbach (retf. 16) present a method of
estimating both the dimensions and the weight of gas turbine
engines. They demonstrate the method with a detailed example
problem.

Propellant Tanks and Systems. -- Conrad (ref. 17) discusses
the effects of tank construction on the weight of propulsion sys-
tems using cryogenic liquids. Equations for tank thicknesses and
weights and pressurization gas and system weights are given.
Willoughby (ref. 18) presents a semi-empirical method for cal-
culating tank weights for nine common configurations. Both pump-
fed and pressure-fed pressurization systems are also considered.

Systems and Equipment. -- Roland (ref. 6) presents 132 equa-
tions for predicting the weights of various aircraft systems and
equipment items. He also presents correlation curves for mary
of the equations.

The Point Stress Analysis ¥ethod

The Point Stress Analysis method, as such, is only applic-
able to the major structural components of the vehicle, i.e., the
wing, tail, fuselage, landing gear, etc. The weight estimate is
based on the material required to carry the loads at representa-
tive "points” in the component. This requires the specification
of both the component loads and the allowable stresses. Due to
the complexity of this method, a computer program is a necessity.
The weights of the ponstructural items are normally calculated
with statistical correlation equations.

The majority of the programs in this category have been de-
veloped by individual aerospace companies and are proprietary.
Bowever, the Structural WEight Estimation Program--SWEEP (ref. 19)



was developed by Rockwell International for the Air Force and is
available from the Air Force Flight Dynamics Laboratory. It was
developed for military aircraft weight estimation (cargo, fighter,
fighter bomber and attack bcmber), so modifications would be re-
quired to adapt it to weight estimation for hypersonic aircraft.

In addition to the statistical correlation program, WISE-
ONE, Gersch and York (ref. 7) also describe Grumman's WISE-TWO
program which uses the point stress analysis method to calculate
the wing and tail weights. Although this program does not use
point stress analysis for the fuselage, it has an option to
stretch or shrink the fuselage to accommodate the required fuel
load.

The literature also contains some information on point
stress apalysis weight estimation techniques for individual ccm-
ponents, but the numbor Qf papers is not as great as for statis-
tical correlation methods. Two examples are:

Fuselage Structure. -- Staton (ref. 20) presents a FORTRAN
program for calculating the basic shell weight for an unpressur-
jzed fuselage. The weight penalties associated with the design

features are discussed and an example for a typical tighter/
attack airplane is given.

Landing Gear. -- Kraus (ref. 21) describes a computer pro-
gram which can be used to estimate the weight of aircraft land-
ing gear. The loads are first calculated and then the strut
member sizes are estimated.

DATA BASE

The requirement for reliable weight estimation procedures
for all classes of flight vehicles will continue to exist as long
as these vehicles are being designed. And the verification of
these procedures will continue to be based on historical data.
Thus, a comprehensive data base of component weights would be
invaluable to weight engineers involved in advancing weight esti-
mation technology. NASA could make a significant contribution to
this field by sponsoring a project to compile such a data base
and make it available to the aerospace industry.

THE WAATS PROGRAM

WAATS--Weights Analysis of Advanced Transportation Systems--
was developed (ref. 5) to provide a program that could be used
either with the ODIN--Optimal Design INtegration--System or as a



stand-alone program. It uses the statistical correlation method
and relies heavily on the equations developed for the Space
Shuttle Synthesis Program--SSSP (ref. 11). However, a number of
equations are jncluded which did not come from the SSSP.

Of the readily available programs, WAATS appeared to be the
only one that could be used for hypersonic aircraft feasibility
studies without major modification. When an attempt was made to
implement the program using the listing in ref. 5, a number of
minor errors were discovered. Further investigation revealed
that the program could be made more efficient by recoding. The
modified program is given with a discussion of the modifications
to each subroutine. This is followed by a description of the
input data and a set of newly devised input data forms that
should make the program easier to use. Finally, an example
problem is presented to demonstrate the use of the program.

Main Program

The main program is essentially the same as the original--~
the four primary subroutines (DATA, INPUT, MASS and PRINT) are
called, with all of the data being transferred through named com-
mon blocks. However, some of the common block and subroutine
pames have been changed. The dimensions have also been changed
and are transmitted to the subroutines through the new common
block, SIZES. The input and output unit numbers are also trans-
mitted through common, SO only the main program has to be changed
when the dimensions or input and output numbers have to be changed.
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Subroutine DATA

This subroutine still performs the same basic purpose as the
original, i.e., the initialization of the design data (IC and C),
the weight coefficients and exponents (AC) and the weights (W).
However, there are several major changes:

1. All ipitialization is done with arithmetic statements,
instead of a combination of arithmetic and data state-
ments.

2. The real design data (C) is tirst set to 0.0. Selected
values are then specified. The specified values are
given both in the WAATS Design Data listing and Input
Data form.

3. The weight coefficient and exponents are also initially
set tc 0.0 and then selected values are specified. The
specified values are based on a study of the equations
in ref. 5. In cases where there were more than one
equation; high speed, rocket powered aircraft were taken
as the refererce.

The component weights are all set to 0.0, as in the original
subroutine.
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Subroutine INPUT

As in the original subroutine the design data and the coef-
ficients and exponents for the weight equations are read with a
pamelist statement. The non-zero weight coefficients and expo-
nents are then printed. The major change is that all of the
design data is printed in tabular form to facilitate checking.
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Subrcutine MASS

This subroutine has been completely reorganize<c. With a few
exceptions, the component weights that do not depend on the Take-
off, Landing or Entry weight have been taken out of the iteration
loop. A flow chart of the subroutine developed directly from the
coding is shown followirg the subroutine listing.

The program has a shape flag, ISHAPE, for specifyiag the
vehicle configuration:

ISHAPE = 1 Booster Type (no wings or tail)

ISHAPE = 2 Aircraft

ISHAPE = 3 Lifting Body

ISHAPE = 4 Lifting Body plus Wing
A study of the flow chart shows that there are only two paths
through the program; i.e., ISHAPE = 1 and 3 are the same configu-

ration, as are ISHAPE = 2 and 4. Therefore, the Input Data Forms
provide only for ISHAPE = 1 and 2.
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[SUBROUTINE MASs]
y

INPUT
CCMMCN /INOUT/ NRoNNW (CARD READER AND PRINTER)
COMMCN /INTGR/ IC(3) (INTEGER CONSTANTSI
COMMCN /CCMON/ C(42) {REAL CONSTANTS)
COMMON /ACOEF/ AC(134) {CCEFFICIENTS)

COMMCON /ATMOUT/TE,THETA,CELTA,PE,RFOE,GE,CSE,AMUE (SUBROUTINE ATMOS)

ouTPUT

CCMMON /wWAILTS/ W(T4){

CATA

C13=0.32333333
C2320.£666667
PT2=3000.0

INITIALIZE THE TAKECFFe LANCING ANC REENTRY WEIGHTS

WYO=wTCIN
WLANC=WLANDI
WENTRY=wWLAND

TCTAL THRUST

TTOT=THRUSTHENG INS#®ACTR

y
BGDY STRUCTURE

WBASIC=AC({14)*SBODY+AC(LS)*{(ELECCY*XLF/HBOOY ) *20.15%QMAX**0, 16
*SBCOY*x] .05 )**AC{EL)+AC( 16)

WSECST=AC(17)*SBCOY+AC(18)
wTHRST=AC(19)*TTOT+AC( 20)

WINFUT=2AC(130) *VFUTK+AC(131)
wWINOXT=AC(132) #VOXTK+AC(133)
IwBCOY=WBASIC+WSECST+WTHRST+WINFUT +W [NCXT

THERMAL PROTECTION SYSTEM

WINSUL=AC(21)®STPS+AC(76)
WCOVER=AC(22)¢STPS+AC(TT)
WTPS=wINSUL+WCCVER

2

=1



[MAIN PROPULSION SYSTEM}

[ENG

1 2 3

TURBCRAMJET ENGINE
CALL ATMOS(DH,IERR) 8 c ]
X‘l .000 02 .DM“Z
PTC=PE®X®*#3*SCRT( X}
PR=1.0

PR=800.0/(CM*246+935.0) }

[PR=1.0-0.076*(0M~1.0)*s1.35]|
T

PT22PR*PT(0/144.0
WA=WAREF*ACTR
wWENGS=(AC(32)12EXP(AC({23)sWA) *((PT2-PHIGH) /{PLOW=PHIGH))

#AC(34) SEXPIAC(3IS)®WA) S ( (PT2-FLOW)/ (PHIGH=PLCW) ) ) *ENGINS
¢AC(91)*ENGINS

]

[CRY

G



RAMJET ENGINE

WENGS=AC{B82)*TTCT+AC(83])

4

ICRY

1 2

Y'Y

RCCKET ENGINE

WENGS=AC(28)*TTOT+AC(29) ¢TTOT*ARATIQ*=*AC( 20)+AC(31) *ENGINS
WGIMBL=AC(55)%( 750, 0% (TTCT/ENGINS/PCHAN)®*] ,25)%2AC{110)+AC(56)

:
CRYOGENIC FUEL SYSTEMS

WFUNCT=AC(36)*VFUTK+AC(37)
WOXCNT=AC(28)*VOXTK+AC(3S)
WINSFT=AC(40)*SFUTK+AC(41)
WINSOT=AC(42)*SCXTK+AC(43)
WFUSYS=AC(44)*TTOT+AC(45)*ELBADY+AC(46)
WOXSYS=AC(47)«TTOT+AC{48)*ELBCOY+AC{49)
WPRSYS=AC(SO)*VFUTK+AC(S5]1) *#/OXTK+AC(S52}

STORABLE PROPELLANT FUEL SYSTEMS

GAL=T,481*VFUTK

WFUNCT=AC (36 )*(GAL/TANKS ) #%0 .6 3TANKS +AC(37)
WBPUMPaTTOT®(1.7540.266%ENGINS)*0.001
WOIST1=ACIL04)*ENGINS*SQRT(TTOT/ENGINS)
WOIST2=0.255*GAL**0.7*TANKS*20 .25
WFCONT=0.169*TANKS*SQRT(GAL )
WREFUL=2TANKS*(3.040.45%GAL®**C13)

WCRANS=0.159%GAL #40.65
WSEAL=0.045%TANKS*(GAL/TANKS)*%0 .75
WFUSYS=WBPUMP+WDIST1+wOIST2+WFCONT+WREFUL+WORANS+ ¥ SE AL

WPRSYS=0.0009*TTCT*T ANKS
Fj



\

INLET SYSTEM

WID=XINLET#SQRT{AICAPT/XINLET)
TMPFCT=1.0

{OM.GZ.2.0 TMPFCT=0., 203%DM+0. 4]

HIDUCTSAC(S3)‘(SQRT(ELNLET*X[NLET)*(AICAPT/XINLETl‘*C13
*PT2%»C23*GEQFCT#FCTMOK )**AC! S4) ¢AC( 105)

AVRAMP=AC(106)*(ELRAMP*WID®TMPFCT ) **AC(107)+AC(108 )

WSPIKE=AC{109 )#XINLET

NINLET=WIOUCT+WVRAMP+WSPIKE

4

ENGINE MCUNTS

WENGMT=AC(102)*TTOT+AC(103)

r
HPROPUSHENGS*hFUNCTOhCXCNT*hlNSFT*hINSCTOHFUSYSOHCXSYSOHPRSYS
*WINLET+WENGMT

PROPELLANTS

WFUELM=WPMAIN/ (1.0+0F)
WOXIDM=wFUELM*OF
WFRESV=AC (84 )*WFUELM+AC(85)
WCORESV=AC{86) *WOXIDM+AC (8T}
WPRESV=WFRESV4WORESY
WPLCSS=AC(116)*wPMAIN
WFUELSWFUELM+WFRESY
WCXID=wCXIDMeWCRESY
WFTRAP=AC(92) *WFUEL+AC({ 93)
WOTRAP=AC (94 ) *WCX ID+ACI9S)
WFUTCT=WFUEL+WFTRAP
WCXTOT=WOX1D+w0OTRAP
WPEWFUTOT+WOXTCT

WRES ID=WFTRAFP+WCTRAP

CREW

WCREW=AC(72)*CREW+AC(73)




[ITERATE GN THE WEIGHTS]

PRINT THE HEADING
NC=0

NC=NG+1l
WTOX=wTC

(AERODYNAMIC SURFACES]

ISFAPE

1 2 3 4

|

WWING=AC(L)*(WTO*XLF*STSPAN®SWING/TROOT ) ##AC(78)*1.0E-0¢
#AC(2)*SWING+AC(3)
¢AC({L17)*(WLAND*XLF#STSPAN*SWINC/TROOT*1.0E~09)**AC(118])

WVERT=AC(4)*SVERT#*AC{8G)¢AC(S)

HHORZ=AC(6)‘((HTO/SHING)*‘0.G‘SPORZ“I.Z‘QMAX**Q.8)‘*AC(90)¢AC(7)
OAC(119)*((NLAND/SFING)‘*O.G‘SHORZ*‘I-Z*CMAX‘*O.B)**AC(IZO)

WEAIR=AC(B)®SFA[R+AC(9)
WSURFaWW ING+WVERT+WHORZ+WFAIR

LAUNCH AND RECOVERY SYSTEMS

WLANCH=AC(23)*WTC+AC(24)
WLG=AC (25) *WTO#2AC(101) +AC( 26 ) *#WLAND**AC(121)+AC(2T)
WGEAR=WLANCH*WLG

31



ORIENTATICN ANC SEPARATICN SYSTEMS

WACSFUxAC(S6) *WwTO+AC (ST)+AC(134)#wENTRY

WACSOX=WACSFU*QFACS

WACSP=WACSFU+WACSOX

WACSRE=AC{115)*WACSP

WACS=AC(ST ) *WTO**AC(58) +AC{591+AC(124 )*WENTRY**AC(125)

WACSTK=AC(4 ) *WACSP+AC(65)

WAERO=AC(60) *(WTO**C23%(ELBCOY+CSPAN) *20,25)*#AC(111)+AC(61)
+AC(122)*(WENTRY**C 23*%(ELBCOY+GSPAN)*%(Q, 25)%*AC(123)

WSEP=AC (62 ) 2WTO+AC(63) :

WORNT=WG IMBL +WACS+WACSTK+WAERC+WSEP

r
PCWER SUPPLY

WELECT=AC(66)*(SQRT{WTO)*ELPOOY*30.25)*3AC(112)+AC(&T)
+AC{126)#(SQRT(WENTRY ) *ELBCOY**0,25)+2AC(127)

AFYPNU=AC{68) *((SWING+SHORZ+SVERT)*0.CO10*QMAX) *%0,3340
*(SQRT({ELBOCY+STSPAN)*TYTAIL)**AC(113)+AC(665)
+AC(128)*WTO+AC(129)*WENTRY

WPWRSY=WCLECT+WHYFNU

r
AVICNICS ANC CREW SYSTEMS

WAVONC=AC{7C) *WTO**AC (1}
WCPROV=AC(74 ) sWTC+AC(80

[

Y

14)+AC(T71)
)J*CREW+AC(75)

ORY WEIGHT AND DESIGN RESERVE

WORY=WSURF+WBODY+W TP S+hGEAR+WPRCPULHWCRAT+WPWRSY +WAVONC +WCPROV

ACCUNT=AC(98 )*WORY+AC(S9)

EMPTY, LANDINGy ENTRY AND TAKEQOFF WEIGHTS

WEMPTY=WDRY+WCCNT
WLAND=WEMPTY+WPAYLD+WCREW+WRE SID+WACSRE
WENTRY=WLANC+WACSP
WNTC=AENTRY*WPMAINEWPRESYEWPLOSS

PRINT THE WEIGHTS

WRITE NCyWORY WEMPTY, WLAND y WENTRY,,wTO

Y /
(WTOX=WTC)/WTC) «GT <0001

G

N

OnCINAL PACE IS



Subroutine ATMOS

This subroutine has been extensively revised. The input is
the geometric altitude (ft). The output, through common block
ATMOUT, is the temperature (°R), the temperature ratic, the pres-
sure ratio, the pressure (psf), the deasity (pcf), the gravita-
tional acceleration (£t/sec?), the speed of sound (ft/sec) and
the coefficient of viscosity (1b/ft-sec). Altbough the output is
all in English units, all internal calculations are in SI units.

[#%]
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Input Data

The input to the program consists of two types of data--
design data and weight coefficients and exponents. The design
data describes the vehicle, while the weight coefficients and
exponents define the equations that will be used to calculate
the weights. The variable names, the compiled values of the var-
iables and their definitions are tabulated on the following
pages. Since the data is read with a NAMELIST Statement, only
those values that differ from the compiled values need be input.

Design Data. -- The path through the program is determined
by the values of the Integer Design Data: ICRY (Propellant Type},
1ENG (Engine Type) and ISHAPE (Vehicle Configuration). There are
two propellant types (storable and cryogenic) and three engine
types (turboramjet, ramjet and rocket). The program also pro-
vides for four vehicle configurations:

1. Booster Type (no wings and tail)
2 Aircraft

3. Lifting Body

3 Lifting Body plus Wing

However, the path through the program is the same for shapes

1 and 3, and is the same for shapes 2 and 4. This gives a

total of only twelve combinations, which can be reduced to ten by
omitting the storable propellant-rocket engine combination. The
input data forms discussed in the next section have been prepared
for these ten combinations. Note that the compiled values of the
Integer Design Data define the same vehicle configuration (cryo-
genic propellant, rocket engine and aircraft shape) as the ori-
ginal WAATS program, but the Engine Type Indicators have been
rearranged. The majority of the Real Design Data is set to zero;
however, selected values have been specified to reduce the amount
of input data.

Yote that the takeoff and landing weights must be estimated.
These estimates are only used for the first iteration., so they
need not be accurate.

Weight Coefficients and Exponents. -- The most difficult task
in preparing the input data is the specification of the Weight
Coe’ficients and Exponents. The input data form in the next sec-
tion simplifies the task by showing which values must be speci-
fied for each vehicle configuration. In addition, the equations
of ref. 53 have been studied and values of the coefficients and
exponents have Leen specified, where possible. Incases where
ref. 5 gives more than one set of coefficients and exponents for

13
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a component, the values specified are for high speed and/or rocket
powered aircraft. Some of the equations have one term with take-
off weight as the parameter and another term with landing or eniry
weights as the parameter. In these cases, the coeflicients and
exponents for the takeoff weight term are specified. The expo-
nents not otherwise specified are set to 1.0E-6 to eliminate error
messages when the program is run on an IBM computer.



WAATS DESIGN DATA

CCMPILED
sSYMBOL VALUE DEFINITICON
[ CRY 2 PRCPELLANT TYPE INDICATOR,

ICRY=1 STCRABLE.
ICRY=2 CRYOGENIC.
1ENG 3 ENGINE TYPE INDICATOR,
[ENG=1 TURBORAMJET.
IENG=2 RAMJET.
1ENG=3 ROCKET.
[ SHAPE 2 SHAPE FLAG.
ISHAPE=1 BOCSTER TYPE (NO WINGS CR TAIL).
ISHAPE=2 AIRCRAFT.
1SHAPE=3 LIFTING BQDY.
[SHAPE=4 LIFTING 800Y PLUS WING.

ACTR 1.0 THRUST SCALING FACTCR.

A1CAPT 0.0 TOTAL CAPTURE AREA CF INLETS, SQ. FT.

ARATIO 0.0 ROCKET ENGINE AREA RATIO (AIRCRAFT).

CREW 2.0 NUMBER OF CREW MEMBERS .

OH 0.0 OESIGN ALTITUDE, FT.

oM™ 1.0 DES IGN MACH NUMBER.

ELBCDY 0.0 BCCY REFERENCE LENGTH, FT.

ELNLET 0.0 TOTAL INLET LENGTH, FT.

ELRAMP 0.0 TOTAL RAMP LENGTH, FT.

ENGINS 2.0 NUMBER OF ENGINES.

FCTMCK 1.0 MACH NUMBER FACTGOR.

GEQFCT 1.0 GECMETRICAL OUT OF ROUND FACTOR.

GSPAN 0.0 GECMETRIC WING SPAN, FT.

HB800Y 1.0 MAX [MUM BQOY HEIGHT. FT.

oFf 6.0 oxIDIZER TO FUEL MIXTURE RATIO BY WEIGHT.

DFACS 0.0 ACS GXIDIZER TC FUEL MIXTURE RATIO BY WEIGHT.
PCHAM 1000.0 ROCKET ENGINE CHAMBER PRESSURE. PSIA.

PHIGH 176 .0 TURBCRAMJET INLET PRESSURE (UPPER CURVED, PSIA.
PLCW 46 .0 TURBORAMJET INLET PRESSURE (LOWER CURVE), PSIA.
QMAX 0.0 MAX IMUM DYNAMIC PRESSURE, LB/SQ. FT.

S 8QoY 0.0 TOTAL BCOY WETTED AREA, SQ. FT.

SFAIR 0.0 TCTAL FAIRING OR ELEVON SURFACE PLANFORM, SQ. FT.
SFUTK 0.0 FUEL TANK WETTEC AREA, SQ. FT.

SHORZ 0.0 TOTAL HORIZCNTAL SURFACE PLANFORM AREA, SQ. FT.
SOXTK 0.0 OXICIZEC TANK WETTED AREA, SQ. FT.

STPS 0.0 THERMAL PROTECTION SYSTEM AREA, SQ. FT.

STSPAN 0.0 WING STRUCTUAL SPAN { ALONG 50 PERCENT CHORD) . FT.
SVERT 0.0 TOTAL VERTICAL SURFACE PLANFORM AREA, SQ. FT.
SWING 0.0 THECRETICAL WING AREA, SQ. FT.

T ANKS 1.0 NUMBER OF FUSELACE FUEL TANKS.

THRUST 0.0 THRUST OF ONE ENGINE, LB.

TRCCT 0.0 WING THICKNESS AT THEORETICAL ROOT, FT.

TYTAIL 1.25 TAIL TYPE COSFFICIENT.

VFUTK 0.0 VOLUME OF FUEL TANK, CU. FTe.

VOXTK 0.0 VOLUME OF OXICIZER TANK, CU. FT.

A AREF 0.0 REFERENCE ENGINE AIRFLOW, LB/SEC.



WAATS CESIGN CATA

COMPILED
SyMacL VALUE DEFINITION
WLANDI 0.0 ESTIMATED LANCING WEIGHTy LB.
WPAYLD 0.0 WEIGHT OF PAYLCAD, L8.
WPMAIN 0.0 WEIGHFT OF MAIN IMPULSE PROPELLANT,
WTOIN 0.0 ESTIMATED TAKEQFF WEIGHT, LB.
X INLET 1.0 NUMBER CF [MNLETS.
XLF 4,0 WING ULTIMATE LOAD FACTOR.



WAATS WEIGHT COEFFICIENTS AKD EXPONENTS

COMPILED
COEF. VALVE CEFINITION

Ac(l) 2905.0 WING WEIGHT CGEFFICIENT.
AC(2) 0.0 WING WEIGHT CCEFFICIENT.
0

AC(3) 0. FIXED WING WEIGHT.

AC (&) 5.0 VERTICAL TAIL WEIGHT COEFFICIENT

ACU5) 0.0 FIXED VERTICAL TAIL WEIGHT.

AC (6) 0.00035 HORIZONTAL TAIL WEIGHT COEFFICIENT.

ACLT) 0.0 F[XED HORIZCNTAL TALL WEIGHT .

AC(8) 0.0 FAIRING WEIGHT COEFFICIENT.

ACLS) 0.0 FIXEC FAIRING WEIGHT.

AC(10) NOT USED.

AC (1) NCT LSED.

AC (12} NOT LSED.

AC(13) NOT USED.

AC (14) 0.0 BODY WEIGHT COEFFICIENT.

AC(15) 0.341 BODY WEIGHT CCEFFICIENT.

AC(16) 0.0 FIXEQ BODY WEIGHT.

AC(1T) 0.98 SECONDARY STRUCTURE WEIGHT COEFFICLENT. \

AC(18) 0.0 FIXED SECCNOARY STRUCTURE WELGHT .

AC(19) 0.0025 THRUST STRUCTURE WEIGHT COEFFICIENT.

AC(20) 0.0 FIXED THRUST STRUCTURE WEIGHT .

AC(21) 0.0 INSULATION WEIGHT COEFFICIENT.

ACt 22) 0.0 CCVER PANEL WEIGHT CCEFFICIENT.

AC(23) 0.0 LAUNCH GEAR WEIGHT COEFFICIENT.

AC ( 24) 0.0 F1XEC LAUNCH CEAR WEIGHT.

AC (251 0.31 LANDING GEAR WEIGHT COEFFICIENT.

AC(26) 0.0 LANDING GEAR WEIGHT CCEFFICIENT.

AC (27} 0.0 FIXED LANDING GEAR WEIGHT.

AC (28) 0.00766  ROCKET ENGINE WEIGHT COEFFICIENT.

AC (29) 0.00033  ROCKET ENGINE JEIGHT COEFFICIENT.

AC (30} 0.5 ROCKET ENGINE WEIGHT EXPONENT .

AC(21)  130.0 FIXED RCCKET ENGINE WEIGHT.

AC(32) 1782.63 TURBORAMJET ENGINE WEIGHT COEFFICIENT
(LCWwER DESIGN PCINTI.

AC(23) 0.003 TURBCRAMJET ENGINE WEIGHT EXPONENT
(LCwER DESIGN PCINT).

AC(24) 1594.53 TURBORAMJET ENGINE WELGHT COEFFICIENT
(UPPER DESIGN POINTI.

AC(25) 0.0032 TURBORAMJET ENGINE WEIGHT EXPCNENT
(UPPER DESIGN PTINTI.

AC136) 0.53 FUEL TANK WEIGHT COEFFICLENT.

AC(3T) 2.0 FIXEC FUEL TANK WEIGHT.

AC(18) 1.25 OXIDIZER TANK WEIGHT COEFFICIENT.

AC (39) 0.0 ZIXEC CXICIZER TANK WEIGHT.

AC (40) 0.59 FUEL TANK [NSULATICN WEISHT CCEFFICIENT.

AC(41) 0.0 FIXEC FUEL TANK INSULATICN WE IGHT .

AC(42) 0.23 OX{DIZER TANK INSULATICN WEIGHT COEFFICIENT.

AC(43) 9.0 £IXEC OXIDIZER TANK INSULATION WEIGHT.

AC (44) 0.0 FUEL SYSTEM WEIGHT CCEFFICIENT.

AC(465) 0.0 FUEL SYSTEM WEIGHT CCEFFICIENT.
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WAATS WEIGHT COEFFICIENTS AND EXPONENTS

COMPILED
COEF. VALUE DEF INITIGN
AC(46) 0.0 FIXED FUEL SYSTEM WEIGHT.
AC(47) 0.0 OXIDIZER SYSTEM WEIGHT COEFFICIENT.
AC(48) 0.0 OXIDIZER SYSTEM WEIGHT COEFFICIENT.
AC( 49) 0.0 FIXED OXIDIZER SYSTEM WEIGHT.
AC150) 0.45 FUEL TANK PRESSURE SYSTEM WEIGHT COEFFICIENT.
AC(E1) 2.45 OXIDIZER TANK PRESSURE SYSTEM WEIGHT COEFFICIENT.
2C(52) 0.0 FIXED PRESSURE SYSTEM WEIGHT.
AC(£23) 4.345 INLET WEIGHT CCEFFICIENT.
_ AC(54) 1.6 INLET WEIGHT EXPONENT.
AC(55) 0.0 GIMBAL SYSTEM WEIGHT CCEFFICIENT.
AC(56) 0.0 FIXED GIMBAL SYSTEM WEIGHT.
aC(5T) 78.5 ATTITUDE CCNTRCL SYSTEM SYSTEM WEIGHT
COEFFICIENT.
AC(58) 0.079 ATTITUOE CONTRCL SYSTEM SYSTEM WEIGhT EXPONENT.
AC (59) 0.0 FIXED ATTITUDE CONTROL SYSTEM SYSTEM WEISHT.
AC(60) 0.323 AERGOYNAMIC CCNTROL SYSTEM WEIGHT COEFFICIENT.
AC(61) 0.0 £ IXED AERCDYNAMIC CONTRCL SYSTEM WEIGHT.
AC (€2) 0.0 SEPARATION SYSTEM WEIGHT COEFFICIENT.
ACL 63) 0.0 FIXED SEPARATICN SYSTEM WEIGHT.
AC(65) 0.10 ATT ITUDE CONTROL SYSTEM TANK WEIGHT COESEICIENT.
AC165) 0.0 FIXED ATTITUDE CCNTRCL SYSTEM TANK WEIGHT.
AC(66) 1.167 ELECTRICAL SYSTEM WEIGHT COEFFICIENT.
AC(ET) 0.0 FIXED ELECTRICAL SYSTEN WEIGHT.
AC(58) 2.64 HYDRAULIC/PNEUMATIC SYSTEM WEIGHT COEFFICIENT.
AC( €9) 0.0 FIXEC RYDRAULIC/PNEUMATIC SYSTEM WEIGHT.
AC(70) 66437 AVIONIC SYSTEM WEIGHT COEFFICIENT.
aC(71) 0.0 FIXEC AVICNIC SYSTEM WEIGHT.
AC(72)  220.0 CREW WEIGHT CGEFFICIENT.
AC(13) 0.0 FIXEC CREW WEIGHT.
AC(14) 0.0 CREW PROVISIONS WEIGHT COEFFICIENT.
AC(75) 0.0 FIXEC CREW PRCVISIONS WEIGHT.
AC(76) 0.0 FIXED INSULATION WEIGHT.
AC(TT7) 0.0 FIXEC COVER PANEL WEIGHT.
AC(78) 0.608 WING WEIGHT EXPCNENT.
AC(79) NOT USED.
AC ( 80) 0.0 CREW PROVISICNS WEIGHY CCEFFICIENT.
AC(81) 1.0 BODY WEIGHT EXPCNENT,
AT(£2) 9.1 RAMJET ENGINE WEIGHT CCEFFICIENT.
AC(83) 0.0 FIXED RAMJET ENGINE WEIGHT.
AZ( 84) 0.0 QESERVE FUEL WEIGHT COEFFICIENT.
AC(85) 0.0 FIXED RESERVE FUEL wEISHT.
AC(86) 0.0 RESERVE OXICIZER WEIGHT COEFFICIENT.
AC(87) 0.0 FIXED RESERYE OXIDIZER WEIGHT.
AC(88) NCT USED.
AC(89) 1.09 VERTICAL TAlL WEIGHT EXPCNENT.
AC(90) 1.0 HCRIZONTAL TAIL WEIGHT EXPONENT.
AC(S1) 0.0 FIXED TURBCRANMJET ENGINE WEIGHT.
AC(92) 0.0 RESICUAL FUEL AEIGHT COEFFICIENT.



AAATS WEIGHT CCEFFICIENTS AND EXPONENTS

COMPILED

COEF. VALUE DEFINITION

AC($3) 0.0 FIXED RESIDUAL FUEL WEIGHT.

AC(S4) 0.0 RESIDUAL OXIDIZER WEIGHT COEFFICIENT.

aC($5) 0.0 FIXEC RESIDUAL CXIDIZER WEIGHT.

AC(§6) 0.0 ATTITUDE CONTROL SYSTEM PROPELLANT WEIGHT
CCEFFICIENT.

AC(ST) 0.0 FIXED ATTITUDE CONTROL SYSTEM PRCPELLANT
WEIGHT.

AC(58) 0.0 CGNTINGENCY AND GROWTH WEIGHT COEFFICIENT.

AC (99} 0.0 FIXEC CONTINGENCY AND GROWTH WEIGHT.

AC(100) NOT LSED.

AC(101) 0.795 LANDING GEAR WEIGHT EXPCNENT,

AC(102) 0.0001 ENGINE MOUNT WEIGHT CCEFFICIENT.

AC(103) 0.0 FIXEC ENGINE MOUNT WEIGHT.

AC{ 104) 0.316 FUEL DISTRIBUTICN SYSTEM WEIGHT CCEFFICIENT,

AC(105) 0.0 FIXED INLET WEIGHT.

AC(106) 117.35 RAMP WEIGHT CCEFFICIENT.

AC(107) 0.2% RAMP WEIGHT EXPCNENT.

AC(108) 0.0 FIXEC RAMP WEIGHT.

AC(10S) 0.0 SPIKE WEIGHT COEFFICIENT.

AC(110) 1.0€-6 GIMEAL SYSTEM WEIGHT EXPONENT.

AC(111) 0.903 AERODYNAMIC CCNTRGL SYSTEM WEIGHT EXPCNENT.

AC(112) 1.0 ELECTRICAL SYSTEM WEIGHT EXPONENT.

AC(113) 1.0 HYDRAULIC/PNEUMATIC SYSTEM wWEIGHT EXPONENT.

AC(114) 0.361 AVIONIC SYSTEM WEIGHT EXPONENT

AC(115) 0.0 RESIDUAL ATTITUDE CGNTRCL SYSTEM PRCOPELLANT
WEIGHT COEFFICIENT.

AC(116) 0.0 PROPELLANT INFLIGHT LCSS WEIGhT COEFFICIENT.

AC(11T) 0.0 WING WEIGHT COEFFICIENT.

AC(118) 1.0E~6 WING WEIGHT EXPCNENT.

AC(119) 0.0 HCRIZONTAL TAIL WEIGHT COEFFICIENT.

AC(120) 1.0E-6 HCRIZCNTAL TAIL WEIGHT EXPONENT.

AC(121) 1.06~6 LANDING GEAR WEIGHT EXPCNENT.

AC(122) 0.0 AERCOYNAMIC CCNTRCL SYSTEM WEIGHT COEFFIC IENT.

AC(123) 1.0€-6 AERGDYNAMIC CCNTROL SYSTEM WEIGHT EXFCNENT.

AC(124) 0.0 ATTITUDE CONTROL SYSTEM WEIGHT COEFFICIENT.

AC(125) 1.0E-6 ATTITUCE CCNTROL SYSTEM WEIGHT EXPONEAT.

AC1126) 0.0 ELECTRICAL SYSTEM WEIGHT COEFFICIENT.

AC(127) 1.0E-6 ELECTRICAL SYSTEM WEIGHT EXOCNENT.

AC(128) 0.0 HYDRAUL [C/PNEUMATIC SYSTEM WEIGHT CCEFFICIENT.

AC (129} 0.0 HYDRAULIC/PNEUMATIC SYSTEM WEIGHT CCEFFICIENT.

AC(130) 0.0 INTEGRAL FUEL TANK WEIGHT COEFFICIENT.

AC(131) 0.0 FIXEC INTEGRAL FUEL TANK WEIGHT.

AC(122) 0.0 INTEGRAL OXIDIZED TANK WEIGHT COEFFICIENT.

AC(133) 0.0 FIXEC INTEGRAL OXIDIZER TSNK WEIGHT.

AC(134) 0.0 ATTITUDE CONTROL SYSTEM FUEL WEIGHT

CCEFFICIENT,



Input Data Forms

Input data forms are shown on the following pages for both
the design data and the weight coefficients and exponents. Two
types of forms were originally considered. The first type con-
sisted of ten separate forms for the ten possible paths through
the program. The other type, which is the one shown, has pro-
visions for all ten paths on a single set of forms. The first
column of these forms are the variable names, which can be corre-
lated with the definitions given on the preceding pages, and the
second column gives the compiled values of these variables. The
remaining ten columns provide blocks for entering the values of
the variables. If a block is fil ed with X's, a value is not
required.



0*0 dlvis
0°0 AQUES

0°0 xXveD

0°9Y LIVA L)

YXXX XX ] X X0000000 | X000 WO | X000 [ XXAXX XXX K

e voermel xcao e | e penne e e s | oo o T e | e
. R . Wﬁmrwxlxx wrxmxﬁan xxxxrhrni waxrxuux mxnxxxxxz xxkx:xnﬁr xxxﬁrxxxw xx-nxnknx :1lfhmmo—u iibf:um
I Rt I —— e T T T T AN B A - 0°0 T v
N I nxwﬁwnlx‘:x xthLxrrx ) x,xxxxNIxx.x xxnx‘xxu,‘n 0°'9 , 40

- ) o N T T o - ‘ ’ . . .‘Q..—‘ ) .>c_:.:
et B R Ty T AT T T e T a030
| I R B Rreranl RS
Tl T R ) S I aneary
Sl IRl i I S R S N
e 1- R R S | B v | v
oo Iwwonell Fowrirorl sl Pamropit o N IR 2 S B

XXX | X XXXXNNXN | AN AL XN

Y0000 E X000 XXX 0°0 na

0°¢ LER.D]

YXXXOOOOK T X NN XY FOOONOONN | XXX XN XX ANAAAKA [+ I} allvey

YOOOOOO X OOOOOONE XXX XXXNXX
0°'0 1dv) 1y
01 yidv

(4 1 4 1 L4 1 4 1 14 1 b4 34¢NS |

4 z 1 ¢ 1 4 Add!

€ 4 ﬁl 1 [4 M3

ettt kit et L FEL L R R NI R

YAYG N91S30 - viIVO INdk] SEYVM



T T

"

o

B o ‘ o o . ‘ - - o o°1 ,_.:Z_n
i o ‘ ) 0'0 NITHIM

o 0°0 NIYKWdM

- - ‘ B . . ‘ } .c.a 0y dr
S o - o ) o . \ c..a TONY 1A
XXAX i‘lwm‘x xxxxxxerx xxxrxxarx X W‘Lx‘x‘wxxk xxm,xx‘xn.x‘x xxxxx.xxx‘nx ) ..mui...awi!. 1 i..:u“..qx
T N I S x‘xlx‘k{K‘nn,xu x;x,:.xxxxxk nx‘mnrxrwx u,xn:—xxxn 0°0 ALXOA
N ) o R i I T S R ;Q.c| HINJA
S R R R I AR I ATETR IRTTITY
S oo | T Jooooen| T oooooon woone | oo ere | 00
D et —""\1 "1 " T T .a‘oymc. .p‘ﬁdAx..H
oot et et pswirovion) Il IR PPt tte ] CEETTITCY N e T s
el T oo T o] T oo oo 000 | onims
S st Inell sl R Prrssttt) I FPETTEET) R oo 000 | 1HIAs
R (R R R R B R o o o 1‘f.oi .mcmwlm

‘ . A N . Tl T T ere | sas
R T T Feooooooo foooonooad| T hooooooo oo | 000 Mixes
S Mes N Pt XXXKXNXKN oo | oo | 000 | zwams
R 177 Lo oo £ AR Pt psppm) PSR TP

h 4 1 [4 1 ) 4 1 ~z«| 1 2 I ] IdINS T
T ¢ 4 1 Jln. _1 B Add}
0 n..xt o q.‘|t‘ 4 T 1 T o mzu_

viva

NO1S3D

- ¥1¥0 INANT SLvvM



—v:x T . o — YT , N o o . 0°0 Q2
_ ‘ 1¢°0 E4
(1R ¢} L X4
0°0 (X4
- T ) B ) 0"0 t &4
o o ‘ o ‘ , ‘oﬂc ‘ |4
y B o - o o . . x - vo“o B 0
A AR I I I B I 20000 | e1
. I 1 T R ) R B ‘ , lo.c . e_,
T N ‘ o o - T o i ; ) a.«.w@, . (B
TTTIT L T T o I R N e e
) T ) ‘ T T O T e ot
I . , ] T T e
I e - AT T T T T e e
T 4 , N 1 o ) T o A - o..o.f 3
T oo T Do o] T Jooonoone| T oo 0re '
xrxxxmxxx o xxx“ﬂwtxr T wrxrﬂﬁxxw ‘ Wﬁ:rxrﬁ%n T xrkaanxn mmfd@.m ‘ 9
7 b posooonoe ol T oo | P 00 |6
B T xxxxxMMMM - rhxnxxxxn [xzxxxrmm o mxx%ﬂwﬂﬂx T Llrﬁrrﬂkw ||l!lim.ml‘1< l‘ew )
S xxxxkfxxx XXXAXXRXX ,xxnxxxuxk T LMNMMMWM& o I!!ilﬂﬁrmﬁnwwx !‘!lln@ﬂml!ll ‘‘‘‘‘ W .
el T e T T foemeon] T pooeoooa | T foooee] T T0re 2
T Mﬂﬂh%nhrn T LMMMMMMMK o MW{MMMLW! \ rxxk%ﬁnn: o xﬁxnx-nxn ) aﬁm17w ) r
- 4 1 z 1 4 1 - Nn‘ 1 4 E—slu: T JdYHS]
o 4 < 1 i 2 1 AW
B € 4 T RUED]

e e e e et e o A e & = = — e -

SININOGXI ONY SiINITII43I30)

149131 - vIVO L1NdNT S1vwe

TTETTTTUNOLAVNG LS I I VIIHAA



XAXAXNXRXK

AXXXNXANX

xnrrxxxna
xxfrﬁr%xr
OO
anrxxwrx

XXXAAAXAN

XXXXXXXNX

ANANXXKKRX

WXXXXXNKN

AAXANANXNX

XXXAANKNX

AXAXAXAXX

AXXXNXANX

XXAXNAXX X

XNAAXANAX

NXXANAAXNA

AXAXAXKNX

XXAXANAAX

ANARKXAXXX

oo ooxeexx| 0t0 oy
OO0 X0 o 00 2y
" oooooooodfooooeerne 0°0 ty
X000 | XXX XX XX 00 u‘..\ -
T heooooeoe oo 0t o
oo oo 0t | e
T oo o] 00 | e
T loowoox oo cze0 | ey
T [roorocoxxoooceoe oo T
oo oo~ est0 | ov
T oooooooofooooonoc 0°0 e
T eonoooone | ooooeo sz | ee
0°0 te A
T i €570 9¢ o
o o 2€00°0 “mi o
R €5 %661 Om. ‘
o oo | e
I coczent | 26
oo | oooooooa | ooooooo |~ ecoet | 1
oo | oo oo | st o
oo oo vovooo| ceo000 | e |
oo | oooaoeo | oo etoote | ez
T T T T T T T eV he
) z 1 EPLITES|
1 Audl
T B LD

SININOdX3 ONY SINITDII4430D 149134 - ViIVO 1NdN] SLIvR




0s

4

0 022
R i T ) P
A R N B - N Sl e
. DR I N Y . . I I s
T T T T 1 T I N 17 e
B R Al R N D e .
T o T T 1 B . ~‘0_¢—
SRR B, S0 DRSO S SN DU e B
I T N D e A R S OPI
- 1 - o o 0°0
. A e e i e Bl vl
) B I T e
- [ T T €2¢°0
o o | 0°0
T VTl e
o T . s el
, exxeror poooononnoe oo |« gononon oneoooons [ rooooooos xoenoonco N 00
' T reecmen oormoooo fooonooooe | oooonne | eooonono oo oo R———— 0°0
llllllllllllllll — oty Rkl e e e
D - 1T e
Ty oo oo | U RS T Y
k I R sl sl AR (RN PPSRpRPPP) PESEPPPIP) RSP I
R I mmmm‘lﬂ M|K¢4l1‘|”!llm o a w ll‘-lbl-»i‘ AXAXNN ALY L <0
2 1 2 1 z 1 2 1 z 1

EETATLY

L4710

———— - —

SUEY!

SININOAXI ONY SINI1D133303 1491In - vAYD INdNT SHevY

in
n



i | T - ‘ 00 T
B ‘ N , 0*0 96
o ‘ oo oo coooenone| o] 00 4n

o I T oo ooooones] T Deoooono oo oo | s
R R o o ‘ . ‘ , 00 TS
R I R I I I I R T .

i e reese [ ennoroo oonooe| oo oo i ) A R BT

XXXXXXANX AXAAAANYX K XAAXAXAAN XAAXAXXNY XNAKALAXL 0°t o,

AAXXXXAAX AAAXXAXANA AUNAAAXXL EAXXAAXAN XXUXXLKEL 60" 1 S5k

MXOEN KN ] RUHOOHXAX AXXTHNOONN] XX XM0A X KA 0°'0 (X

T | AAXX AKX AXN .xlnﬂnx::yn‘- T . MM«MH‘MMLMK Mxlulx:f,n..ﬂva .l;.‘llwa‘uv-to..i: l...wn
Sl Rl R R R A T T Tee | se
N A =TT T T T e | e
oo oo | ) T S arrennsn oo oo [woooce] T 0c0 |
o] T T T T oo e cooncee o] 10 | 2
- - ] - A T T e | e
R o 2 Il It A N I BRI R
SRS oot Il s Rl preraee) [ Prrererr] I woxnone| w030 | at
| N T T T T e |
- T T - T i o T o o O.l ‘ 0..
‘ I T R o I R . i 1T |04.|AH| st :
B i Rty Tt it A bt AR A A I ST T B
[N IS DU SN I DRSS I ST DU i
4 1 [4 1 14 1 b4 1 4 1 RELIINY )

. 4 4 1 2z 1 Andt

(4 4 1 N1

SININOdXI ONY SINI D143 IHOIN - viva 1NdN] 51vvY




S L T R g e — T T e g —— ]
._ x; 4 2-30"1 (FA]
xxxn:xnxx uxxx&xxnn xnzxnx::x nxn:‘:nnn xuun‘nxna 9-30°1 ozl
n:nnxnnxn *nnxxxxxu u:xxxnxnn :xnn:xnnn XAAXX CA XL 0°0 (301
xxnnxux:x -xxxnxxnn ‘n:xxn“x xxxuxnxn: xYX/XNLXNL 9-10°1 sl
::_::::. CXXXXXXXX x_::::::; ,::::;x: XXXARANXL 0°0 Tah
0°0 911
— —_— R I P e b I R USRS I R P
00 (AR}
19¢°0 »11
et ey e =T
n-1 [N
—— bt b " ey
0°t tAR)
et e [ P B .
£05°0 tn
e [ D PR s (SR I IO ATR U SRR
xxuxxux‘x AAXAXAAAN AAARXXANA nuxxnxxnx u-xnxxxxx :xux—n‘x‘ xxxxnunxu uxxxxn:xn 2-30°1 oVl
e — shalalalelolsiotell nntevainnit IRSESSS R Loy o e
0°0 st
...... et e} e R DU
0°0 3!
U U o4 _ I PR RS b _
$62°0 totl
ety 71
I P et I RN SV ES ) R SR
0°0 s01l
b e —— IS IS B S
yXXXRA XA ARAX AR XXX ANARAKAAX RAAXAXARAN AAAAARNAY XXXAXNAXN 91¢°0 %01
0°0 f0l
[ I\I\I\I.llt\lxl\\l\lul\l\.l\l\l\\l\.\ [ I By Lo -
1000°0 z01
[ DR SN Ly b I PSR b
S6L°0 to1l
e e - o -
0°0 56
N b DT RS PRy b U D I
0°0 86
S ) PR — \|l|\li\|\l S
? i 2 1 4 \ h 2 1 34YNIS )
2 4 1 1 »;u_
I PR |\I||||7 S
€ 4 1 n..u.

S ININNdX3 INY §IN1121 3430 _:J_b: - VIVO NN SBYYs



J
0°0 9el
‘ 1333388330080t ) o T fﬂfixnxnx XNXAAN LA Lﬁﬂm‘lll |15MMM o
- xunnxnx:m mhnkxux:v I xxn:n:ﬂﬂ“ Mﬂﬂﬂﬂrrmﬂ lll'llwﬂo TI|MMMIQI
N e e S A N XN A
B o B A ) 0°0 oel
T y I 0°0 OM—-
....... T S R N R R 0°0 321 )
- r 0 o T 9-30°1 [ X4 1
) o - B R R o 0°0 !n'mN-
- 2 E A B I IR TS I
S R A il Rl I R A R BT B
S B B 0 o|wc._l (X4l .
S R s I e R B A
- < 1 ) z 1 4 1 < ﬁ 1 4 1 wa-mwﬂl
b4 4 1 4 1 Andlt
. ~ : T T

SININOAXI ONY SINTIIISI30D THI - YIvE 1hdit SLvYM




Example Problem

The hypersonic cruise transport (HST) studied in ref. 8 was
chosen to demonstrate the use of WAATS. The basic configuration
(Fig. 1) is a blended wing-body with a single vertical tail.

The fuselage and wing are actively-cooled aluminum alloy, while
the vertical tail is uncooled Inconel 718 (Table I). A water-
glycol coclant is circulated through passages in the wing and
fuselage skins. Heat shields are also used on the lower surface
of the wing aft of the leading edge and on the portions of the
fuselage with the highest heat loads.

The propulsion system consists of four turbofan ramjet en-
gines and nine variable-geometry scramjets. The turbojet engines
are used from takeoff to Mach 3, at which point the adjustable
inlet door (Fig. 1) closes off the turbojet ducting. The ramjet
engines operate from low transonic Mach numbers to the Mach 6
cruise condition, with subsonic combustion at the lower Mach
pumbers and supersonic combustion at cruise.

The fuel for both propulsion systems is liquid hydrogen car-
ried in two tanks, one forward and one aft of the passenger/cargo
compariment. The non-integral tanks are of multicell or "pillow"
construction (Fig. 1). The material is Inconel 718. Polyure-
thane foam insulation is used for thermal insulation of the tanks.
The fuel is also used as a heat sink for the fuselage, wing and
scramjet cooling systems.

Tables I and II (reproduced from ref. 8) give the majority
of the data required for the analysis. Additional data will be
presented as it is used.

The preparation of the input data forms will be discussed
first. This will be followed by the input and output listings
and a comparison of the WAATS Weight Statement with the HST Weight
Summary given in ref. 8.

Design Data. -- The input data forms are shown on pages 52 -
59. Since the HST has two types of engines and WAATS allows the
specification of only one type of engine, a choice had to be made
as to the basic engines for the analysis. The turbojet engines
(ICRY = 1) were selected because the weight calculations for these
engines are complex, while the ramjet engine weight can be easily
calculated and input as a fixed weight. The fuel being liquid
hydrogen gives ICRY = 2. The vehicle shape (Fig. 1) is that of
an aircraft. so ISHAPE = 2. These three parameters define the
applicable column in the input data forms. The entries in the
forms consist of asterisks, if the compiled value is used, and
the values to be used, when the compiled values are not to be
used.
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TABLE I

BASELINE HST SUMMARY CHARACTERISTICS

Mission
Cruise Mach number . . - - = F . . . . . . 6.0
Payload weight . . - = = 0 22 700 kg (50 000 1b}
Payload volume 453 23 (16 000 fcd)
Performance
Fuel A T . . liquid hydrogen
Ogeta:ions
Flight cy:les for structural design . . . - - 20 000

Vehicle

Aero configuration: blended wing-body with sirgle vertical tail
per reference 2, modified to enhance precompression and accom-
modate propulsion system installation.

General arrangemunl: non-integral fuel tanks fore and aft;
centrally located payload compartment.

Accelerator/loiter engines: four P&w STF-230A-type
Cruise/accelerator engines: horizontal array of dual-

combustion-mode, variable-geometry scramjecs

Design and structures

Wing: acrively-cooled aluminum alloy per reference 4
Vertical tail: uncooled Inconel 718 per reference 4
Fuselage: actively-cooled aluminum allcy per reference 3
Scramjets: actively-cooled, two-dimensional mocdules
Propulsion installation: per reference

Fuel tanks: aulcticell Inconel 718 per reference 3

Thermal management: alrframe cooling systen and operating
temperatures per reference 4, 5 and 6; axternal heat shields om
porticns of wing and fuselage to reduce cooling load per
-eferences 3, % and 3 hermetically sealed polyurethane foam
insulation system for fyel tanks.

Welight
Cross take-off weight of 218 400 kg (481 400 1b)

Technology level

presently postulated or izmediately foreseeable
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TABLE 11

ATRPLANE CONFIGURATION AND WEIGHT SUMMARY DATA

Fuselage length, 1F e e 4+ e« . . .94 = (3CC fr)
Reference area (projected wing), S . . . . . 866 mz (9323 ftz)

Wing loading at take-off, (W/S)po - - . 252 kg/m? (51.6 1b/ft?)

Wing thickness ratio, t/c . . . . . . . . . . . . 410.03
Vertical tail area, Sv e e e e e e e 94.8 az (1020 f:z)
Payload compartment volume . . . . . . . 453 m3 (16 000 ftl)
Total fuel tank volume . . . . - - . . 1020 m> (36 000 £c°)
Total turbojet thrust (S.L. static),

Tog Neg 0 0 e 1 032 000 N (232 000 1b)
Maximum thrust-weight ratio at take-off, (’I‘/'.~')GTO .. .. D.482
Scramjet module size: 0.927 m x 0.927 m (3.04 ft x 3.04 £t) inlets

6.4 m (21 ftr) length
Ory airplane weight, W_ . . . . . . 123 200 xg (271 60C 1b}
Fuel welight, W, e e e e e e e 69 400 kg (153 COO 1b)
T
Gross.:ake-off weight, wGTO 213 400 xg (=81 400 b}
Dry airframe/gross take-off weight, we/wGTO ce e e J.3641%
4 -0ff wei - w e e e e e Z
Payvload/gross take-off weighc, PL/"GTO 0..038
Matn fuel/gross take~off weighc, W, /wGTO e e e e 0.3173




o

The inlet capture area (AICAPT) is not specified in ref. 8
for the turbojet engines. From Fig. 1, however, it appears to be
approximately equal to capture area of the ramjets, which is 83.2
ft2 (Table II), so this value will be used. Also from Fig. 1, it
appears from the flight deck layout that there are provisions for
three crew members (CREW=3.). The altitudes at the beginning and
end of cruise are given on page 2-31 of ref. 8; the latter (DH=
94 600 ft) was chosen as the design altituda. The design Mach
number (DM=6.) is given in Table I, while the fuselage length
(ELBODY = 300. ft) is given in Table II. The inlet and ramp lengths
(ELNLET = 58. ft and ELRAMP = 20. ft) were scaled from Fig. 1. The
Mach number factor (FCTMOK=1.5) and the geometrical out of round
factor (GEOFCT =1.33) used in calculating the duct weight are de-
fined in ref. 5, page 57.

The geometric span (GSPAN = 112.5 ft) is shown in Fig. 1, and
the maximum body height (HBODY = 16. ft) was scaled from the same
figure. Since the fuel is liquid hydrogen, with no oxidizer, the
oxidizer to fuel mixture ratio (OF) must be set to zero. The max-
imum dynamic pressure (QMAX = 948. 1b/ft?) was taken from ref. 8,
page 2-34. The surface area of the body (SBODY==19000.ft2) was
approximated by scaling Fig. 1, as was the surface area of the
fuel tank (SFUTX =4500. ft?). The vertical tail area (SVERT =1020.
ft2) and the wing area (SWING = 9323. ft<) are given in Table II.

Ref. 8, page 2-3&, states that heat shields are used on the
lower surface of the wing and fuselage, but does not give the
total area. However, it does specify the unit weight as 0.9
lb/ft2 and the total weight is given in Table III as 10200 1b;
therefore;

STPS = 10 200./0.9 = 11 333. ft?

The structural span (STSPAN = 109.5 ft) and the wing thickness at
the root (TROOT =3.3 ft) were scaled from Fig. 1. The tail type
coefticients (TYTAIL=1.) w~as assumed to ve that for a conven-
tional tail (ref. 3, page 71). The fuel tank volume (VFUTK =

36 000.£t2) is given in Table II. The reference engine airflow
(WAREF = 400. 1b/sec) was chosen arbitrarily and is discussed in a
ljater section. The estimated landing weight (WLANDI =400 000. 1b)
and the estimated takeoff weight (WTOIN = 500 000. 1b) were also
chosen arbitrarily. The payload weight (WPAYLD = 50 000. 1b) is
given in Table I.

The main propellant weight is given in Table II as 153 000.
lb. This incluces a climb fuel fraction (Rcp = 0.40), a descent
fuel fraction (Kp=0.02) and a reserve fuel fraction (Kg=0.19);
which leaves 48 percent of the total fuel for cruise (ref. 8.
pages 2-22 and 2-27). WAATS has provisions for a main impulse
propellant weight and a reserve fuel weight coefficient. TFor
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this example these are taken as WPMAIN =136 000. 1b and AC(84) =
0.125, to give the correct total propellant weight.

Ref. 8 does not specify the load factors. However, much of
the data used in this reference is derived from refs. 22 -24. 1In
ref. 22, page 159; a vertical load factor of +2.0 g with an ulti-
mate factor of safety of 1.5 is specified. These values will be
used to give XLF =3.

Weight Coefficients and Exponents. -- is can be seen from the
input data forms, the compiled values are used for the majority ot
the weight coefficients and exponents. Therefore, only the equa-
tions for which the compiled values are superceded will be dis-
cussed. The equations will be considered in the order in which
they appear in ref. S.

Ying and Body Structure: The compiled values are those for
bigh speed aircraft with high temperature construction. Provi-
sions are not made for the actively-cocled aluminum structure of
the HST; therefore, the compiled values will be used.

Thrust Structure: The equation for the tarust structure for
airbreathing engines is given in Fig. 3.2-3 of ref. 5 as

WT = 0.00625(TTOT) + 69

Thus AC(19) = 0.00625 and AC(20) =69.

Thermal Protection System Cover Panels: The unit weight of
the heat shields was specified in the preceding section, i.e.,
AC(22)=0.9.

Landing Gear: The landing gear weight is assumed to be a
function of the landing weight, not the takeoff weight; therefore,
from ref. 5, Fig. 3.4-2, AC(26) =0.00916 ard AC(121)=1.124. Note
that AC(25) and AC(10l1) must be set to zero.

Engines: The compiled values of the coefficients and expo-
nents were used to calculate the weight of the turbojet engines.
The airflow through the engines (WA = WAREZF = ACTR) could nct be
calculated from the available data, so thev were assumed (WAREF =
400. 1lb/sec and ACTR=1.) to make the engine weight approximately
equal to that giver in ref. 8. The weight of the ramjet engines
is included as a fixed engine weight by using AC(82) =0.1 and
dividing the result by four to get an equivalent fixed weight per
turbojet cngine, i.e.,

AC(91) = 0.1 x157000./4. = 3925. 1lb/engine



Engine Mounts: The engine mount weight coefficient (AC(102) =
0.004) suggested in ref. 5, page 41, was used.

Fuel Tank Insulation: The basic fuel tank insulation weight
coefficient was calculated using the equation in Fig. 3.5-6 in
ref. 5 and the suggested radiating temperature of 300°F, giving

AC(40) = 0.0007(500.) +0.24 = 0.59

This was then corrected for flight duration using Fig. 3.5-7.
Yote that the maximum time on this curve is =2000. sec, while the
flight time specified for the HST is 7200. sec. Therefore, the
maximum value on the curve was used, giving

AC(40) = 0.59x1.04 = 0.61

Fuel System: The equation for the fuel system weight given
in ref. 5, page 52, is

WFUSYS = AC(44) = TTOT + AC(45) = ELBODY + AC(46)

The weight coefficients AC(44) and AC(45) are given in Fig. 3.5-9,
where the maximum thrust is only 100000. 1b. Equations were writ-
ten for these curves, but the values calculated for a thrust of
232 000. lb were not realistic, so ref. 11 was consulted. This
reference (pages 55 - 56) recommends values of AC{(44) =0.0015 to
0.003 for liquid hydrogen and AC(45)=0. The largest recommended
value (AC(44) =0.003) is used.

Pressurization Systems: The weight of the fuel pressuriza-
tion system is given in Fig. 3.5-11 of ref. S as

WT = 0.45 = VFUTK

This equation gives a very Ligh weight for the system. Ref. 11,
Fig. 5.1-7, page 60, shows a carpet tlot cf the equivalent weight
coefficient. At 1iquid hydrogen storage temperature and a pres-
sure of 25 psi (ref. 2, page 2-37), txe coefficient is approxi-
mately one-tenth of the coefficient ia the equation above. This
value (AC(SO)'=0.045) is used.

Attitude Control System: Ref. 8 does not mention an attitude
control system for the HST, so AC(57) and AC(58) were set to Zero.

Crew Provisions: Table 3.9-1 of ref. 5 was used to select
these coefficieats. The equipment environmental control veight
coefficient (AC(74) = (0.0005) was taken directly from the table.
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Gy

The fixed crew provisions weight (AC(75) =400.) was taken as the
sum of the items in the third column of the table. The crew pro-
visions weight coefficient (AC(80) =260.) was taken as the sum of
a 100-1b seat and the remaining items in column 2 of the table.

Trapped Fuel: Ref. 5, page 80, gives a range of AC(92) =
0.005 to 0.03. The average value (AC(92) =0.018) was used.

Reserve Fuel: See the discussion on the mair~ propellant
weight in the previous section.

Inflight Losses: The inflight loss fraction is assumed to
be AC(116) =0.028 to give the same losses as predicted in ref. 8.
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Tnput and Qutput Listings. -- The input data listing is
shown on the next page, followed by the output listing. The in-
put data was taken directly from the input data forms, except
that the number of fuel tanks (TANKS = 2.0) is speciZied. This
pumber is not used: but since there are two tanks (Fig. 1) and
the number is printed in the output, it was included.

The output consists of the NAMELIST listing, 2 list of the
non-zero weight coefficients, two tables of the design data, a
mass iteration table and the Weight Statement. The NAMELIST list-
ing is superfluous, since all of the input data is also printed
in the list of non-zero weight coefficients or the tables of de-
sign data. The mass jteration table shows the principal weights
at the end of each iteration loop. If reasonable values are used
for the estimated takeoff and landing weights, the convergence is
very rapid.

[#1]



INPUT DATA - HST

EINWAP IENG=l,
AICAPT=83.2,
CREW=3.0¢
DH=94600.0,
D"'6.°'
ELBODY=300.0¢
ELNLET=58.0,
ELRAMP=20.09
ENGINS=4.0,
FCTMOK=1.5,
CEQFCT=1.33,
GSPAN=112.5¢
KBCOY=16.0,
CF’OQO *
SMAX=948.0,
SBCOY=19000.0¢
SFUTK=4500.C
STPS=11333.0,
STSPAN=109.5¢
SVERT=1020.0¢
SWING=9323.0,
TANKS=2.0,
THRUST=58000.0
TRI0T=3.3y
TYTAIL=1 .0y
VEUTK=36000.0¢
WAREF=400.0y
WLANDI=4C0000.09
WP AYLD=50000.0r
WPNAIN=136CC00.00
wTCIN=500000.0r
XLF23.0¢
AC(19)%0.00625,
AC(20)=69.0,
AC(22)=0.9,
AC(25)1=0.01
AC(26)=0.00516.
8C(40)=0.61,
ACL44)=0,003,
AC(50)=0.045,
AC(5T)=0.0,
AC(58)=0.0,
AC(74)=0.0005,
AC(75)=2400.0+
AC(80)=260.0¢
AC(84)=0.125,
2C(911=3925.0,
AC(52)=0.018,
ACI101)=0.0
AC(102)=0.00%,
AC1116)=0.,0316

EXAMPLE

BC(121)31.126'&END
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NCN-ZERC WEIGHT CCEFFICIENTS

aAC(
ACH
act
act
act
act

g2)

aCt102)
AC(104)
AC(106)
aC(107)
ACIL110)
AC(111)
AC(112)
ac{ll3)
AC(l1l4)

2905.00
5.00000
«3500008-03
341000
«980000
.625000E-02
69,0000
«$00000
«91€0C0E-02
«766000€-02
.320000€-03
+500000
130.000
1782.63
«300000€E-02
1994.53
».32C000€-02
«530000
1.25000
«6100C0
»230000
.3C00C0E-02
.450000€-01
2.45000
4.,34500
1.00000
»323000
».100000
1.1¢7C0
2.64000
£6.3700
220.900
«SCQOCCE~03
400.000
.6C80C0A
260.000
1.00000
.100000
.125000
t.05000
1.00000
392%.00
.180000€-01
. 4C00COE-Q2
«316000
117.350
«294000
.10C000E-05
903000
1.CC000
1.00000
«361000



NCN-ZERO WEIGHT COEFFICIENTS

AC(116) = .316000E-01
AC(118) = .100000E-05
AC(120) = .1CQOQQE-05
ACTL21) = 1.12400

AC{123) = .1CO0Q0E-0S
AC(125) = .1CCQCQE-05
AC(l27) = .100000E-05
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DESILIGN DATA
WETTED AREAS
GROSS BCDY

FUEL TANKS
OXIDIZER TANKS

PLAN AREAS

WING

VERTICAL SURFACES

HORI ZONTAL SURFACES
FAIRINGS

THERMAL PRCTECTION SYSTEM

DIMENSICNAL DATA

WING GECMETRIC SPAN
WING STRUCTURAL SPAN

WING THICKNESS AT THECRETICAL ROOT

TOTAL INLET CAPTURE AREA
ROCKET ENGINE AREA RATIQ
TOTAL INLET LENGTH

TOTAL RAMP LENGTH

B8CDY LENGTH

A0DY HEIGHT

FUEL TANK VQOLUME
OXIDIZER TAANK VOLUME

ENGINE DATA

ENGINE TYPE

NUMBER COF ENGINES

THRUST OF ONE ENGINE

THRUST SCALING FACTCR

NUMB ER OF INLETS

REFERENCE ENGINE AIRFLGh

ROCKET ENGINE CHAMBER PRESSURE
TURBORAMJET INLET PRESSURE (UPPER)
TURBCRAMJET [NLET PRESSURE (LCWER)

WEIGHTS

PAYLCAD

MAIN [MPULSE PROPELLARNT
ESTIMATED TAKECFF WEIGHT
ESTIMATED LANDING WEIGHT

19000.00
4500.C0
0.0

9323.00

1020.00
0.0
0.0

11333.C0

112.50
109.50
3.30
83.20
Cc.C
58.00
20.00
300.CC
16.00
36000.C0
0.0

TURBORAMJET

6. Oo
58000.00
1.C0
1.00
400.CC
1000.C0
176 .00
46.08

€0000.00
136000.00
500000.00
400000.00



DESIGN CATA

CTHER DESIGN DATA

NUMBER CF CREW

NESIGN ALTITUDE

DES IGN MACH NUMBER

MACH NUMBER FACTCR

GEOMETRICAL CUT CF RCUND FACTCR
OXIDIZER TO FUEL MIXTURE RATIO
ACS OXIOIZER TO FUEL MIXTURE RATIC
MAXIMUM DYNAMIC PRESSURE
NUMBER OF FUSELAGE FUEL TANKS
TAIL TYPE CCOEFFICIENY

ULTIMATE LGAC FACTCR

PROPELLANT TYPE

SHAPE

3.00
94600.00
6.C0
1.50
1.33

0.0

0.0
948.00
2.00
1.G0
3.00
CRYOGENIC
AIRCRAFT
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DRY
WEIGHT

243798,
235992.
235142.
235Q049.

MASS

EMPTY
WEIGHT

2437198,
2356S52.
235142.
235049.

ITERATION

LANCING
WEIGHT

297212,
289406.
288556,
288463,

ENTRY
WEIGHT

297212,
289406,
288556.
288463,

U e e e o o Attt

TAKEQFF =T =

"WEIGHT TS

454509, o
446703. T
445853, =
445761 el

==
Ts e
-
T
N,
on



wEILGHT S TATEMEN T

AERQDYNAMIC SURFACES %3098,
wING 33584,
VERTICAL SURFACES 5514.
HCRIZONTAL SURFACES Q.
FAIRINGS O.
800Y STRUCTURE 78249 SN~
easStIcC STRUCTURE 58110,
SECCNDARY STRUCTURE 18620. ) o
THRUST STRUCTURE 1519, Rt
INTEGRAL FUEL TANKS 0. S
INTEGRAL OXIDIZER TANKS 0. L-
ENVIORNMENT AL PRCTECTION SYSTEM 10200. RN
INSULATION 0. Tiem
COVER PANELS 10200. e e
//
LAUNCH AND RECCVERY SYSTEMS 12566, ST

LAUNCH SYSTEM 0. e

LANDING GEAR 12566.

MAIN PROPULSION SYSTEM 74708, o
ENGINES 42118, ey
ENGINE MOUNTS 928. -
FUEL TANKS 19080. -
OXID(ZER TANKS 0. =
FUEL TANK INSULATION 2745, S
OXIDIZER TANK INSLLATICN 0. <
FUEL SYSTEM 6S€. T
CXIDIZER SYSTEM 0. e
GROPELLANT PRESSURIZATION SYST 1620. :
INLET SYSTEM 7521. D

GRIENTATION AND SEPARATICN SYSTEMS 3166. =
GIMBAL SYSTEM 0. e
ATTITUDE CONTROL SYSTEM 0. SN
ATTITUDE CONTOL SYSTEM TANKAGE 0. N
AERODYNAMIC CONTRCL SYSTEH 3166. RN
SEPARATICN SYSTEM 0. L

\

POWER SUPPLY #393. N
ELECTRICAL SYSTEM 3243, |
HYORAULIC/PNEUMATIC SYSTEX 1150. el

AVIONICS SYSTEM 7267. wol

CREW SYSTEMS 1403. -

CRY WEIGHT 235049, e -
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wWEIGHT STATEMENT

CRY WEIGHT
DESIGN RESERVE

EMPTY WE IGHT

PAYLOAD

CREW

RESIDUAL PROPELLANTS
TRAPPED FUEL 2754,
TRAPPED OXIDIZER : 0.

LANDING WEIGHT

ATTITUDE CONTRCL SYSTEM PRCPELLANTS
FUEL O.
CXIDIZER C.

ENTRY WEIGHT

#AIN PROPELLANTS

FUEL 136000.

CXIDIZER a.
RESERVE PRCPELLANTS

“FUEL 17000.

CXIDIZER 0.

INFLIGHT LOSSES

TAKECFF WEIGHT

34

50000.
660.

2754.

0.

136000.

17000.

4298.

235049,

235049.

288463,

288463,

445761,



Comparison of Results. -- The Weight Summary for the HST is
shown in Table III (adapted from ref. 8, page 2-42). Since there
is not a one-to-one correspondenace between the weight items in
the WAATS Weight Statement and the HST Weight Summary, the weight
breakdown shown in Table IV will be used for the comparison.

Each weight item in the table will be explained and discussed.
The Empty Weight, Landing Weight and Takeoff Weight will tken be
discussed.

Aerodynamic Surfaces, Controls and Cooling System: The HST
"Aero Structure' weights include the control system, while this is
a separate item in the WAATS Weight Statement. Conversely, the
cooling system for the wing and fuselage is a separate item in
the HST Weight Summary. Thus, the Wing, Vertical Tail and Aero-
dynamic Control System weights are summed to obtain the total
WAATS weight item. The HST Weight item consists of the Wing, Ver-
tical Tail and one-half of the Cooling System weight. The cooling
system weight is equally divided betweer the wing and fuselage,
since their wetted areas are almost equal. The resulting weights
differ by only two percent.

Body Structure and Cocoling System: The WAATS Body Structure
weight is taken directly from the Weight Statement. The HST
weight item includes the Body Structure (Covers, Frames and Com-
partments), Compartment Insulation and one-half of the Cooling
System weight. The WAATS weight is eleven percent larger than
the HST weight.

gnvironmental Protection System: This item is identified as
Cover Panels in the WAATS Weight Statement and Zxternal Shields
in the HST Weight Summary. The unit weight and the areas of the
cover panels were selected to make these weights equal.

Launch and Recovery Systems: The HST landing gear is forty-
four percent heavier than the WAATS weight estimate. The corre-
lation curve (Fig. 3.4-2, ref. 5) for landing designed gears
shows very good correlation, so the WAATS result is assumed to be
a good approximation.

Engines and Mounts: The WAATS weight item includes the En-
gine and Engine Mount Weights, while the HST Weight item consists
of the Turbojet and Scramjet weights. The reference engine air-
flow (WAREF = 400. lb/sec) was arbitrarily selected to give arprox-
imately the same weight as the HST estimate. The resulting total
weights are within four percent of each other.

Inlet System: These items are identified as the Inlet System
in the WAATS Weight Statement and as the Turbojet Air Induction
in the HST Weight Summary. The HST estimate is almost sixty per-
cent larger than the WAATS estimate. 7The correlatiom curves in
ref. 5 (Fig. 3.5-12 7or the inlet and Fig. 3.5-13 for the ramp)

B e o =
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TABLE III

WEIGHT SUMMARY - BASELINE HST AIRCRAFT

Weight

Group Item kg 1b
Aero Structure, Wy Wing 14 8§00 32 600
Wg Vertical Tail 3 100 6 900
Body Structure, Wf Covers 15 300 33 600
Frames 4 700 10 400
Compartments 7 900 17 410
Propellant Systems, Wpg Tanks 15 000 32 900
Fuel/Pres/Lub Systems 2 400 5 200
Thermal Protection, Wpp External Shields 4 500 10 200
Cooling System 6 900 15 300
Compartment Insulation 500 1 200
Tank Insulation 3 400 7 590
Turbojet Propulsion,wTJ Turbojet Engines 11 400 25 000
Turbojet Air Induction S 500 12 000
Scramjets, Wp; 7 400 16 200
Avionics, Wuy 1 450 3 200
Equipment, WEquip Launch and Recovery 8 200 18 100
Prime Pcwer § Distribution 3 500 7 800
Paylcad Provisions 7 270 16 000
Dry Airplane, w, 123 000 271 600
Perscnnel, Residuals and Prime Power Reserve 1 140 2 500
Payload, wPL 22 700 50 000
Wet Airplane § Payload 147 000 324.10C
In-Flight Losses 2 000 4 300
Main Fuel, w:-T 69 400 153 000
Gross Take-Qff Weight, wGTO 218 400 481 400

AL ot e it




TABLE IV
CCMPARI[SCN CF WAATS AND HST WEIGHTS
WAATS HST

PERGCYNAMIC SURFACES, CGNTRCLS AND COOLING SYSTEM 46 264 47 150

BCOY STRUCTURE AND COCLING SYSTEM 78 249 70 260
ENVIORNMENTAL PROTECTICN SYSTEM 10 260 10 200
LAUNCH AND RECCVERY SYSTEMS 12 566 18 100
ENGINES AND MOUNTS 43 C46 o1 200
INLET SYSTEM 7 521 12 000
FUEL TANKS 19 080 32 900
FUEL TANK INSULATION 2 745 7 590
FUEL, PRESSURIZATION AND LUBRICATION SYSTEMS 2 316 5 200
PCWER SUPPLY 4 363 7 800
AVIONICS 7 267 3 200
CREW SYSTEMS AND PAYLCAC PRCVISIONS 1 403 16 000
EMPTY WEIGHT 2357ca3 271 600
PAYLOAD S0 000 SO0 000
CREW AND RESIDUALS 3 414 2 500
LANCING WE IGHT 288 463 324 100
PROPELLANTS 153 000 153 000
INFLIGHT LOSSES 4 298 4 300

TAKECFF WEIGHT 445 761 481 400

- . i . - e e e ittt £ o S B ol -
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show good correlation. However, the data is for military jets
with inlet systems different than that used on the HST. There-
fore, the HST estimate is probably the most accurate.

Fuel Tanks: The estimated weight of the HST fuel tanks is
Seventy-two percent larger than the value calculated by WAATS.
The only data available in ref. 5 (Fig. 3.5-5) is for an integral
fuel tank based on the X-15 concept, while the HST ranks are non-
integral. Therefore, the WAATS estimate is open to question.

Fuel Tank Insulation: The HST fuel tank insulation weight
is almost three times that calculated in WAATS. There is no cor-
relation curve in either of ref. 5 or 11, so the source of the
WAATS weight coefficient is not known. The HST weight item in-
cludes a helium purge system and hydrogen boil-off during a 30-
minute ground hold (ref. 8, page 2-37), but this probably does
not entirely account for the large difference.

Fuel, Pressurization and Lubrication Systems: The WAATS
weight item is obtained by summing the Fuel System and Propellant
Pressurization System Weights. The lubrication system is not a
Separate item in the WAATS Weight Summary, so it is assumed to be
included in the engine weight. The HST weight item is taken dir-
ectly from the Weight Summary. The WAATS weight estimate is again
very low, approximately one-half of the HST value. As indicated
in the Weight Coefficients and Expoments section, there were
questions about the coefficients for both the fuel and pressuriza-
tion systems; therefore, further study of these coefficients is
recommended.

Power Supply: In the WAATS Weight Statement, the Power Supply
consists of the Electrical System ancd the Hydraulic/Pneumatic
System. In the HST the Prime Power and Distribution consists of
(ref. 8, page 2-41)

Engine or gas generation 2150. 1b
Tank and systems 1050. 1b
Electrical distribution 3500. 1b
Hydraulic and pneumatic 1100. 1b

The electrical and hydraulic/pneumatic system weight are very
nearly equal for the WAATS and HST analyses. The other items may
be included in the engine weight in the WAATS program.

Avionics: The HST Avionics weight is broken down into (ref.
8, page 2-39)

e



Guidance and navigation 800. 1b
Instrumentation 400. 1b

Communications 2000. 1b

The WAATS estimate is based on the correlation curve shown in
Fig. 3.8-1 of ref. 5. The correlation is not good and the data
is for much lighter aircraft than the one being considered here.
Therefore, the WAATS estimate, which is more than twice the HST
value, may not be realistic.

Crew Systems and Payload Provisions: The WAATS Crew Systems
weight includes the equipment and personnel environment control
system, crew compartment insulation, personnel accommodations,
fixed life support equipment, emergency equipment, crew station
controls and panels (ref. 5, p. 75). In ref. 8, page 2-41, the
Payload Provisions are stated to be a substantial weight item,
but are not described. However, in ref. 23, pages 8 -9, Personnel
Provisions are broken down into accommodations for personnel,
tixed 1ife support, furnishings and cargo handling, emergency
equipment, and controls and panels. The equipment descriptions
are similar, but the EST weight item is over ten times the WAATS
weight item. The large discrepancy may be due to the fact that
the vehicle of ref. 23 has a payload of 200 passengers plus car-
go, while no provisions are made in the WAATS analysis for pas-
senger accommodations.

Payload: The payload is the same in both analyses.

Crew and Residuals: The Crew and Trapped Fuel weights are
summed to obtain the WAATS weight item. The HST weight item is
1isted as Personnel, Residuals and Prime Power Reserve, but the
term Prime Power Reserve is not explained. The resulting weights
differ by approximately thirty-seven percent.

pPropellants: The WAATS Main Propellant and Reserve Propel-
iants were adjusted to give the same total weight as the HST
analysis (see the Design Data section).

Inflight Losses: The WAATS weight coefficient was chosen to
make the WAATS weight item equal to the HST weight item.

Empty Weight: Since there is no Desiyn Reserve, the Dry and
Empty Weights are the same in the WAATS Weight Statement. This
weight is sixteen percent lower than the HST Dry Airplane weight.
However, if the rajor weight jtems--the Aerodynamic Surfaces, the
Body Structure and the Engines--are compared, the difference in
weights is only six percent. Thus the system weights account for
the majority of the Empty Weight difference.
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Landing Weight: Without an Attitude Control System, the
WAATS Landing and Entry Weights are the same and within twelve
percent of the HST Wet Airplane and Payload Weight.

Takeoff Weight: The difference between the Takeoff and Land-
ing Weights for the two analyses is the same, so the final differ- '
ence is reduced to eight percent. ‘

In general, the results of the WAATS analysis are considered
to be good. Since the HST weights are also estimates, their ac-
curacy is open to question; although they are based on a much more
detailed study than was possible for the WAATS analysis. There
are a number of areas where the WAATS equations and their coeffi-
cients and exponents should be thoroughly reviewed. The systems
area should be given special attention. This would be much more
feasible if the data base discussed previously were available.

It should also be noted that as a design develops, and more accur-
ate data becomes available, the WAATS program can be used to up-
date the weight estimate very rapidly and inexpensively.

[ORPVSNN

CONCLUSIONS

Of the three methods of weight prediction--fixed-fraction,
statistical correlation and point stress analysis--the statistical
correlation method is probably the best for prelimirary design.
The modified WAATS program is considered to be a good tool for
feasibility studies of hypersonic aircraft; however, some areas
need further investigation. The specific areas, primarily sys-
tems weights, are noted in the comparison of the WAATS results
with the HST weights. Further development of this, and other,
weight estimation programs would benefit from the availability of
a comprehensive data base of component weights.



APPENDIX
THE WAATS EXAMPLE PROBLEM

The example problem in ref. 5 was not used as the principal
example in this report because very few details were given on the
vehicle for which the weight was being estimated. However, in
order to verify that the modified program gives the same results
as the original program, the example is presented on the follow-
ing pages. The completed Input Data Forms, an Input Data Listing
and the printed output are presented. Note that there are more
non-zero weight coefficients printed than in ref. 5 because of
the specified values in the modifed program. All of the weights
are within one pound of the values given in ref. 5.

91



o

‘008%¢E
'00%82

x-ux:-xxn

xxxnxuxxn

TP

xsgxx-xnx

:x:nx-xxx

xnzzxxnnu
ununxx.nn
XAXAKAXNX

nnnnxxx-n
:xnxx:xxx

nnnn-nnxx

XA AN

nx-xnxzxn

xu-xunn:‘

AXARAXARA

AAAXRAARX

unxz:xxnu

xuxxx:nux

:xxx:xxxx

-xxnnxxzx

xxxnxxxnx

xnnnxnunx

:uxnn:xxu

AAAXKNANK

:x‘xnxnxn

mwN.‘ e e T

._._ ]

ST - o
e ] e P ] et e

xxsxxxuux

xxuxxunux

xnxxxxnxx

AXAAXNNXY

n:xnuxnnn

nxxzux—nn

:xxxxtnu:

OOOUX XK X

xxnuxx-xu

XY ARAANXN

00

L1RF M

»cccm

xdvc

ROV

:u-:;

!420;

AAXANLAXN

0°9

o°1
0°0

01

0°1

SIvin

4n
AQOBN
z<anJ

.5ucNJ

AIWL DA

xxn:xnxxn

AN ANALAAAN

U T 02 SNIONI
T T T T e | awews
T T e | awm
1 N ; 0°0 rcucaw
T o .c.- .,zo
o ) o - o.o B Ho

LER D]
c-—dzq
- qu_¢

Ny

3dInst

4

[ e T LDtttk ainteind

1

TIdRVXT SLVVM

VIVO NOIS30 - VIv0 LNdhl S1VVR

€

zo.—«zu_mwa

And!

ELFR]

FVIIHIA



e A

. e e e
™
L))

ST D R B o'y 1 AW
B CUUrTTTYY I , o't | 1awmix
940'2L e ‘ ) a | oo NIDAM
baP' Y . - . 00 NIvNdn
u@g@nlu T ) T N o N ) < icrcrl. RIS XL
geoeod T T LT o S R A oo | sanvm
corerirne ] xmemeooe hoooooono fxoooooon xaooao XXX XNNK ) o or0 | sruwn
ootes |7 T T T T ononnonoe oooooocs ‘ T oo oo | 00l YIS
sozEwil TN T TN T T T T o B T T T T e | wanae
R Ty 1 o R T T T T T v
w«.«‘h.ﬁg._.”l.. XXXAXAAAX XAAXXANXX .:::.:m.uﬂ . T oo 0 :_.;:mmm .liol..om’t! YT
oar v |7 T T e T T )T T T T s
O 000X 00aa00ne [ooooooone | X T oo XXXXXAXRK T e L saNv1
.mmmaﬁ XXXXXOXKN XONDIXX XX " oo !--!Iamxlmﬂ.nﬂ T oot aumi 1.,..-.._[3
omm.ﬂi S XXX AKX T T oo T e T Looonxx o0 I
wee 777770 1 A N T T o0 | wvass
e I R N R T B T T T Tee | sas
‘ ‘_':i- R I B MPTTPTT XXX T XXKXXXKKX oo 000 h XS
S e R r——— woooooa | ool T oo~ 000 | zuuns’
B R T oo oo | [T oo oo | 600 | sinss
2 ¥ 4 1 2 1 2 1 ] 1 EPTTILY |
¢ o] z ¢ 1 Audl
T 2 T 1 LIE]

vivg NOIS3D - vivO ININT SQven




[97600° 0 I R I D A A D R R IO I
‘0 ) 52
* , R . e ez
1 o B N - l0.0 €2
* T TS
€'z S T TTYLYTOTOUTYYTTT ‘ I R IR T
*qu..h‘ o - 1 T o o I "it“r”m‘-ll.rl il.O.~|.If
v00'0 | B , ) B N N R B N e T
N ) B b oo | et
.o ) o ’ o T T ) ) Omwa.o,\lr, ) - 7~— )
. ) 4 T T T T e | o
‘o | - I o 1ser0 | st
8Le2' T | . T T T e T e
‘ * B . 0°'0 ) llﬂ” o
* o BN T T e ) s
I* x!lxxluw NAAXAXNAX AAXXANAX Y T AAXXXAX XA - KKIIKI“”KAM MV-O 1 »M‘ T
.‘Alvi T IK-.K'K,KIMMHMM - AXAXANNXX .»X)MMW.KILKIKL T yklnllxxxlx‘ll .Kli”KlAKul N 6€000°0 1 9 )
B 4’. o !xxxl!xxlk XAANRXANX T aﬂx T ,K’KKK!!KXI . !KKKK&”;K..&, ||.|.‘.||Olnmu. T l-‘m¢ <|A.g
Nﬁ,W.t‘&nl xxx!xxxxn o AAAAXXNNXRX !X!KKKKLW T MMWKl!qu KIKK!LM“H 0°'s L] o
* XXXXXXXXX OO0 oooooo | xooomonos RO o6 | &
T e - XXX XXNNX ooooxx]  Jeoooood T faocorenxe| T 000 T
0 oo bomoeox] poor o] Tleoomoax| Joooooooe] ocsoez | 1
2 1 z 1 2 z | 2 1 24HS )
2 1 2 1 A1

LLE)

- e - - = - - ——

SAININUGXI ONY

SINIIII 430D 49138 - vivd

TIdAVXT SLYVM

LNENT Sivyn

NOTLYNDIS3D 37121HIA

94

)

\




TR O T T oo foonooond
o XXOOO00K | XXXXXXNXX
€000 ) . AAAARLAKL 5:.:::::.
e T T ooooooo *x-u-yxnx
§'o - T oo ooooooo—
3200°0 . ST oeeoooood oo
BPE R e A Pross) P B
Sh e R R Prsssss Pevrt R
ST T oo foooooao|
T T T T T T oo ooooooood
T T T e oo
e : — -~ gl Rolelsiuivious] ISR
XXXRAY XXK | XAXXAXANX
B e B N hatsioiolaitighoiel lolsiahtnuivioy URSUISRHYN
el S — B (RO [ ——
oo ooroooone | oooooooo  xcoooonoe | eoooaonce oo |
woooooooe| oo xaoore [wonooooo oo oo oo
V000000 XX000ONKK | X000 oo oo
vy oo [eooonce | oo oo oo~
.mmww-:u- “hooooooon | oot oo oo XXXXXXXXN
. ] oo oo sooooooe oo oo
o | o *qun;.nx oo oo | oosoooood oo
9L00°0 .::::::: OOOO0O0O K00 XK ]ORN KXY
. I falaloloinioialol Enlobiaelstaie) RNt .
: 1 2 1 2 o T
e ? 1 )
€ 2 ST

NAAXAXAAK

XXX XN KA

XXXXXXKAX

XXXANXRXAX

AAAXK XA AN

AAXXXANAN

xxxnxxn-n

xnxxxrxux

xxxxnnn-x

xxnxxxntx

AAAXAAXANAX

XXXXX XA XX

oo | oo
XXXXXUX KN | XA AR RN
OO0 | X0
OO | XXX NN

SINTNOEXI ONY SINITIDII3I0) 149031 - vivO INdN) SLveNM

S

n.:rx.l:x -cﬂclq |l1..1c‘,ll
XANYNCAXK 0o an
XAXXKLAXY . a.o. Ly
XXXXKAAXA 0'0 t )
ARAAXAAAK ) 00 6y
_Q.,y:.:.:. .-ao ‘0 (17
x!:.f‘:..x :x‘ﬂ.m?-. ‘ :. ,
wooxeex] gz | o
L.qux::x .i.i:m..n.vi o t.i:, -
Doonence] 656 oy
oo e | ora | se
oo P T
T T e | e
T T T e T e
T T reeere | s
T ‘I...lmm...w.é_ - .L
T moo.m.qsi :.:
T Terzen |
o] oceat | e
aooeone]ee | or
-x:::x 4:‘:.010...% T |r~.l i
XAAAR AXAX 99L00°0 LK
i 0°'0 ) _ul
.! i o KL AIRY)
T A a1l
I B HURT

)

95



{
ﬂ
i
)
|

* 0022 2
M oo ]:1: 20 R R - RN R T T T T e T
0 T 2 R A A 1£°99 o1
I st et it Uil I A B B 59
o N T o ¥ 2 09
" T 1T . N 00 L9
M ¢ I I T - AR B e o9
O i i 00 s
MY T o1°0 )

* 0°0 .
e . ) - 00 29
* 0°0 19
Y £2€°0 09 |

o 0°0 mmu
e o 610°0 0
0 Y ts
* XXOONOOO 000000000 oo oo X0t 000N XKL XXXKN 0°0 %
B 00 000000000 X00000000| 00000000 NN XN XENNCKEE XX KK 0°0 ss
* o1 ..ml B
* GYE"Y €S B
i * I.|I. X UNNNAX NN | IOOAUNNAX X IOONNXXN ] XXXNNA XX 00 o 26 )
0 T XXXXXNKXK [ XARXAAAKX I XXXACHLRA XXXXKALANL 13 T
0 . XXXAXKHAA §XXAAXKAXX e OO | XXX T 0 | os
2 1 2 1 z 1 F] 1 z 1 EPTILS
] z 1 z 1 Aol
£ 2 1 CIER

SININOJXI ONY SINI1ID133300 AHO1IA - vivO INdNT Stvvy

96

C-Z



Caine. 3

* 1T ’ R N - 0°0 s
I i R AR B I o T T ee | s
P T oo wooooons T L onnane exmnxeens] o0 | s
GL00°0 1 T oo | ooooonen] T T oo onoooncce co | s
. 1T I R T Tl T T T e | e
§L00°0 °’o &
XXAAAXX XA 20NN ] XAAAXAKNK AAANAAXAN] XXXXARANN AN XXAANX 0°'0 16

* XXXXXUXNK ARXNNAAAXXK XXXAAXAK NN B XXXRXANAN XXX LXK L 0°1 06
H‘Wﬁ 138838384044 AAARAANX X AANNAANAN T ANAAANXAN AR RAN A K 60°1 $8

* 1T - RUK AN | NN XHAXAX I AXXAXXXRY xln-xleKIL 0°‘0 19
vOU™ 0 ) - - S

AMRXLAXXXE XXX XAXANAX XXX AL NAAARLANL 0°0 kL]
g0 l T 80 s
000 - B 0°0 v
AXXXEANXX lunuNxK.Mlx XAMAXXATN| MR MR AHHNNE XONHNNNNKX AHWNAN MR XL 0°'0 €8 ‘
rnxxxnnx.x x-!xnuunr‘ XN | AAXAN LA | XAARLA KK XXX A LA LA 1°0 l8 |4
B (] 18
S B - 0'0 08

* XXAXXAXNS AXAXANKAN XAXXXAAAN " oo YUXAR LA XA 209°0 o
T 0'0 7]
e ! T T 0°0 T 91 N
‘GL9T o T 0°0 T

. o0 | st
TOEET e o0 | &

z 1 z 1 4 1 2 1 2 EPTINS

2 1 2 1 T
€ H , 1 T oN3I

SININOGX3 ONY SIN31D14430)

IHO13IX ~ ViVO LINdN] SLhvva

97



s g ——— T e SMROTTS ST

- e e

M g

| ZA B¢ ?2-40°1 12t
* YUNXAAXAN XAARXANAN AXXAAXNAN AAAAXXAAN AYAARCANL 9-30°1% 021
* XXX XXXNAN ANAXAAX AR ERXXAAKAN YXXXAAXNN AXAAXLANL 0°0 611
. S _ [ Jolaisluicieslann IS R XAy ——
ﬂ@q D AXANXAARX AAAXXARNAN EAAAARAKX RAANAXWAX AXAANKN AL 9-30°1 811
00%2 ot T, 1 reexmrrral AEPE e e T T
XAXNXAANNN AXAANAAAX AXAAARANK AAXAXARNAAR AaxxNLAXL 0°'0 Ly
I Db - J IS Leiciicsniit WINESRE Il R e —j—
v00°0 00 o1l
o e N
S 0-0 sl
—p— - I [ BRI B e
19€°0 '8
I o}t —
* 0°1 113
- - e e -
01 F3L
T . - 1. S U D
£06°0 111
S S, _ _ oo =
* AXXAXAAAN AAARXLNAN AAXAXXANK AXAAAAANX AXXAANRAN XUNAKHRAN AXRXXAAK AN AXAXKXANL 7-30°1 o1t
| =}
* 0°0 80l
* 0°0 an
- N (U - e g DR
* %2°0 101
- e ——_——— IR
* ettt 1
* 0'0 sot
AAXAAAAXAX AXAX XX AAN PE1dd1884 AAAXAANAYX YXXAXXAAN AAXAXAXNAN 21¢€°0 501
isloloisisiolotoind ISMMSUSINMRIS § U oo W
* 0°0 €01
1000°0 1000°0 zot
- (4 S P ..
* . $61°0 tot
* 0°0 56
B o o
z1°0 0°0 13
2 1 H 1 2 1 ] 1 H 1 349Hs |
z z | 1 z 1 A8I1
€ 4 1 9431\

SININOdXI TNV $1N31D13430) MO8 - VAYO 1NdNT SAYYR

98



99

S0°0 00 vl |
'.lll AARAXAKAA EARAXNXNY ” AAXNART AN AAXLANRLNX 0°0 mnalﬂ
a-o ARAAXARAX .ll!nﬁ!ii- - LXARAXAAN X exg 0°0 et
o [ 0°0 T
[ZE9U ) il 0°0 oct
R 2L Y - - 0°0 omq_s.lz
N 0°0 |
143289 i 9-30°1% T3]
TB0T 0 | . [ 00 021
01 1 B - 9-30°1 g2
A - o0 T
01l — 1 0-30°1 a
wmmﬂlﬂ — R - 0'0 - 2 -
2 1 z 1 4 1 4 ‘ 1 4 1 LIS
2 2 1 3 1 Agd1
m ¢ z 1 on31

SANINOdXI ONY §1N31284430D 11U 3N - YAVO 1ndNI S1vYR



100

INPLT DATA — WAATS EXAMPLE

EINWAP ARATIO=80.0+
CH=60000.0,
0"’4:5
ELBODOY=350.0,
ENGINS=22.0
GSPAN=141.0y
HBCCY=20.0,
SB8COY=32800 .0y
SHCRZ=1.0¢
STPS=42300.0,
STSPAN=93.71,
SVERT=1380.0,
SWING=11579.0
TANKS=2.0y
THRUST=470000.0,
TROOT=11.46
VEUTK=143200.0¢
vOXTK=53100.09
WAREF=122.7»
WLANDI=900000.0¢
WPAYLD=40000.0,
wPMAIN=4400000.0.
WTCIN=7000000.0y
XLF.3 075 *
AC{1)=0.0,
ACLL)=4.2y
AC(6)=0.0,
AC(1le)=1.2318,
AC(15)=0.0
AC(171=0.0,
AC{19)=0.004
AC(211=2.3,
AC(25)=0.0
AC(26)=0.00916,
AC(28)=0.0076,
AC(31)=T700.0y
AC(361=0.0,
AC(38)=0.0,
AC(44)=0.0022,
AC(45) 20e50
AC(4T)=0.0043,
AC(481 0.5
AC(501=0.0,
AC(51)=0.0,
AC(ST71=0.0,
AC(60)30.0¢
AC(64)30.0¢
2C{66)=0.0y
AC(68)=0.0,
3C(L701=0.0y
AC{T11=26600.0
AC(72)=0.0,
AC(73)=1330.0,
AC(75)22675.01
3C(84)=0.004,
AC185)30.59




INPUT DATA — WAATS EXAMPLE

AC{86)=0.004,
ac¢(89)=l.1l,
AC(92)20.0075,
AC(94)=0.0075,
AC(98)=0.12,
AC(102)=0.0001,
AC(1151=0.015,
AC(116)=0.004,
AC(117)=2400.0,
8C1118)=0.584,
AC(121)=1.124,
AC(122)1=0.334,
AC(123)=1.0,
AC(124)=0.01375,
AC(125)=1.0
AC(126)=0.10959
AC(12T)=1.442S,
AC(1291=0.0114,
2C(130)20.637,
AC(132)=0.53%,
3C(134)=0.05,LEND
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NCN-ZERQ WEIGHT CCEFFICIENTS

ACH
ACt
ACH
AC{
ACH
AC(
AC{
f 1o |
AC{
ACl
AC(
ACH
ACt
AC{
AC(
ACt
ACH
AC(
AC
AC(
act
AC(
AC (
AC(
AC(
AC(
ACl
AC(
act
ACl
AC(
AC(
ACH
ACH
ACt
AC(

4) =
14) =
19) =
21) =
26) =
28) =
29) =
30) =
1) =
32) =
33)
34)
35)
40)
42}
4% )
45)
47)
48)
53)
54)
58)
128)
EL
7%)
7¢)
81)
82)
84)
85)
86)

90}
921}
S4)
93)

AC(lal)
AC(102)
AC{104)
AC(1061}
AC(107)
aC(110)
AC(111)
ACt112)
AC(113)
AC(11l4)
AC(115)
AC{116)
AC(117)
AC(11%2)
AC(120)
Ac(l2l)

=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
89} =
=
=
=
=
=
=
=
=
=
=
=
-
=
=
=
=
=
=
=
=

4.20000
1.23780
«400000E-02
2.30€00
»916000€-02
«760000€-02
+330000€-03
«500000
7€0.000
1782.63
+30C000E-02
1994.53
»320000€E-02
«590000
«230000
«220000€-02
«50000Q0
»430000E-02
+500000
4.34500
1.00000

. 7900002-01
6600.00
1330.00
2675.00
«6C8000
1.00000
100000
«4#CO0COE-02
«500000

. 4C00COE-02
1.10000
1.00000
«750000E~02
«750000€-02
120000
795000
«100000E-03
«316000
117.350
«294000

» 10000CE-0S
«903000 -
1.€0Q00
i.00000
+361000
.1500006~01
«400000E-02
2400.00
«584000
«1CCOQQE-05
1.12400
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NCON-ZERO WEIGHT COEFFICIENTS

AC(122)
AC(123)
AC(124)
ac{122)
AC(126)
AC(127)
AC(129)
AC{130)
AC(132)
AC(134)

«334000
1.00000
«137500£-01
1.00000
«109500
1l.44250
«114000E~01
«637000
«534000
«5C0000E-01



DESIGN OATA

WETTED AREAS

GROSS 8OOY
FUEL TANKS
OXIDIZER TANKS

PLAN AREAS

WING

VERTICAL SURFACES
HCRIZONTAL SURFACES
FAIRINGS

THERMAL PROTECTION SYSTEM

DIMENSIONAL DATA

WING GECMETRIC SPAN

WING STRUCTURAL SPAN
WING THICKNESS AT THECRETICAL ROQT
TOTAL INLET CAPTURE AREA
ROCKET ENGINE AREA RATIC
TOTAL INLET LENGTH
TOTAL RAMP LENGTH

B0DY LENGTH

B8ODY HEIGHT

FUEL TANK VCLUME
OXIDIZER TANK VOLUME

ENGINE DATA

ENGINE TYPE

NUMBER CF ENGINES

THRUST OF ONE ENGINE

THRUST SCALING FACTCR

NUMBER CF IMLETS

REFERENCE ENCINE AIRFLOW

ROCKET ENGINE CHAMBER PRESSURE
TURBORANJET INLET PRESSURE (UPPER)
TURBORAMJET INLET PRESSURE (LCWER)

WEIGHTS

PAYLCAD
MAIN IMPULSE PROPELLANY

ESTIMATED TAKECFF WEIGHT
ESTIMATED LANDING WEIGHT

32800.00
0.0
G.0

11579.00
1380.00
1.00

0.0
42300.00

141.00
93.71
11.4¢

0.0
80.CC
0.0
0.0

350.00
20.C0

143200.00
§3100.00

ROCKET
22.G0
470000.00
1.040

1.00
122.170
1000.00
176.CC

46 .00

40000.00
4400000.0C

7000000.00
900000.00

e



106

DESIGN CATA

CTHER DESIGN DATA

NUMBER QF CRENW

DESIGN ALTITUOCE

DESIGN MACH NUMBER

MACH NUMBER FACTOR

GECMETRICAL CUT OF RCOUND FACTOR
OXIDIZER TG FUEL MIXTURE RATIC
ACS OXIDIZER TO FUEL MIXTURE RATIO
MAXIMUM DYNAFIC PRESSURE
NUMBER OF FUSELAGE FUEL TANKS
TAIL “YPE COEFFICIENT

ULTIMATE LOAD FACTOR

PROPELLANT TYPE

SHAPE

2.C0
60000.00

4.50
1.00
1.C0O
6.00

0.0
2500.G0
2.€0
1.2%5
3.75
CRYOGENIC
AILRCRAFT



ORY
NO WE IGHT
1 683039,
2 676188.
3 6T4975.

MASS ITERATICN

EMPTY
WE [GHT

765004.
757330,
755972,

LANCING
WEIGHT

840141.
832456,
831092.

ENTRY
WEIGHT

8851l41.
876713,
874927.

TAKEOFF
WEIGHT

5320341,

5311913,
5310127.
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wEIGHT S

AERCOYNAMIC SURFACES
wWING
VERT ICAL SURFACES
HCRIZONTAL SURFACES
FAIRINGS

BCDY STRUCTURE
BASIC STRUCTURE
SECGCNDARY STRUCTURE
THRUST STRUCTURE
IN/EGRAL FUEL TANKS
INTEGRAL OXIDIZER TANKS

ENVIORNMENTAL PRCTECTION SYSTEM
INSULATION
CCVER PANELS

LAUNCH AND RECOVERY SYSTEMS
LAUNCH SYSTEM
_ LANDING GEAR

MAIN PROPULSIGN SYSTEM
ENGINES
ENGINE MGOUNTS
FUEL TANKS
CXIDIZER TANKS
FUEL TANK [MSULATION
CXIODIZER TANK INSULATICN
FUEL SYSTEM
CXIDIZER SYSTEM
PROPELLANT PRESSURIZATION SYST
INLET SYSTEM

TATEMNM

66539.
11942,
0.
Q.

40600.

0.
41360.
91218.
28355.

97290.
C.

0.
41341.

124504,

CRIENTATION AND SEPARATION SYSTEMS

GIMBAL SYSTEM

ATTITUDE CONTRCL SYSTEM
ATTITUDE CONTOL SYSTEM TANKAGE
AERODYNAMIC CONTRCL SYSTEW¥
SEPARATION SYSTEM

POWER SUPPLY
ELECTRICAL SYSTEM
HYDRAULIC/OPNEUMATIC SYSTER

AVIONICS SYSTEM
CREW SYSTEMS

DRY WEIGHT

12055.
0.
14402,
C.

17505.
9995.

ENT

78482.

201534.

97250,

41341.

192097.

26457.

27499.

6600.

2675.

67497¢.



T T T e

, ARSI TRTIRS T aas s P o e P AP —— -

WEIGHT STATEMENT

DRY WEIGHT
CESIGN RESERVE
EMPTY WEIGHT

PAYLOAD

CREW

RESIDUAL PROPELLANTS
TRAPPED FUEL 4733,
TRAPPED OXIDIZER 281399.

LANDING WEIGHT
ATTITUDE CONTROL SYSTEM PROPELLANTS
FUEL 43836.
OXIOIZER 0.
ENTRY WEIGHT

MAIN PROPELLANTS

FUEL 628571.

CXIDIZER 3771428,
RESERVE PROPELLANTS

FUFL 2515.

CXI{DIZER 1508¢.

INFLIGHT LOSSES

TAKECFF WEIGHT

80997.

40000.

1330.
3313a2.

43836.

4400000.

17600.

17600.

e et e £~ E ERTY TP Y

674975.

T55972.

a31092.

874927,

5310127,
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